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ABSTRACT 
 
 
In the past two decades the refrigeration, air-conditioning and heat pump industries 
began the conversion from chlorofluorocarbon (CFC) refrigerants to 
hydrochlorofluorocarbons (HCFCs) and to natural refrigerants. This changeover not 
only involves redesigning, re-optimizing and re-testing all new original equipment but 
also involves retrofitting many large existing systems. Combining this process with the 
goal of developing more accurate design methods and more energy-efficient cycles, heat 
transfer and, specifically, heat transfer enhancement, has become a very active research 
field and will probably continue to boom in the next decades as the HCFCs are also 
phased out of use. The most prominent alternative refrigerants are R134a and R407C to 
replace the present market dominating refrigerant R22. 
 
Many heat transfer enhanced techniques have simultaneously been developed for the 
improvement of energy consumption, material saving, size reduction and pumping 
power reduction. Helical wire inserts in tubes are a typical technique that offers a higher 
heat transfer increase and, at the same time, only a mild pressure drop penalty. 
 
This study investigates the heat transfer characteristics of a horizontal tube-in-tube heat 
exchanger with a helical wire inserted in the inner tube. The influence of the pitch (or 
helix angle) of such geometry on the heat transfer performance and pressure drop during 
condensation (having all other geometric parameters the same) was investigated 
experimentally.   
 
Firstly, three refrigerants were tested in three helical wire-inserted tubes with different 
pitches of 5, 7.77 and 11 mm. The local and average heat transfer coefficients, and 
semi-local and average pressure drops were studied systematically. The experimental 
 ii
results were compared not only with the referenced experimental data of the smooth 
tubes, but also with the results of micro-fin tubes. 
 
The heat transfer enhancement factors, pressure drop loss penalty factors and overall 
efficiencies of the tested condensers with helical wire-inserted geometry were calculated. 
The tube with a helical wire pitch of 5 mm inserts was found to have the highest 
enhancement factor and overall efficiency. 
 
Secondly, the heat transfer enhancement mechanism was studied and explained. It was 
found that the extension of the annular flow regime contributed mainly to this 
enhancement. The transitional qualities from annular flow to intermittent flow were 
derived and incorporated in a flow regime map. 
 
Thirdly, heat transfer coefficient and pressure drop correlations for this special heat 
transfer enhancement geometry were deduced, and they predicted the experiment data to 
within 80% and 78% respectively, within a deviation of ± 20%. 
 
Finally, the water flowing through helical wire-inserted tubes (glass) was demonstrated, 
providing a visual understanding of the heat transfer enhancement mechanism. 
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CHAPTER 1: INTRODUCTION 
 
 
1.1 Significance and background of heat transfer enhancement                     
 
Heat exchangers find wide use in aviation and space systems; energetic, chemical and 
petroleum refining; food industries; air-conditioning, refrigerating and cryogenic 
engineering; materials, steel, iron and metallurgical industries; and heating and hot 
water supply systems, etc. (Kakaç and Liu 2002, Figure 1.1). The research and 
development of the improved heat transfer performance of heat exchangers is referred to 
as heat transfer enhancement. This generally means an increase in the heat transfer 
coefficient. The field of enhanced heat transfer has undergone rapid and remarkable 
growth in recent years and is of utmost importance in heat exchanger designs. The main 
reason for this is that enhanced heat transfer in heat exchangers leads to more compact, 
lightweight and less expensive exchangers.  
 
Furthermore, recent environmental regulations and, more specifically, those relevant to 
atmospheric emissions will probably force companies and manufacturers to stop using 
energy sources thus far used only moderately. We should bear in mind that all actions 
leading to fossil fuel energy savings will contribute to the global decrease of 
carbon-dioxide emissions and consequently to the reduction of the greenhouse effect. 
Meanwhile, the Montreal Protocol (1987) mandated the phasing-out of both 
chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFCs). Much of the 
global research work has revealed that R134a is currently being used as a low-pressure 
fluid replacement (mainly replacing R12), while R407C is being used as a high-pressure 
replacement fluid, which are the most predominant alternative refrigerants to replace 
R22 (Cavallini, 1996 and Liebenberg, 2003). 
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Figure 1.1 Applications of heat exchange technologies (adapted from Kakaç and 
Liu, 2002) 
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Figure 1.2 Worldwide energy consumption (adapted from Annual 2000 Energy 
Review) 
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Worldwide energy use is projected to increase by almost 1.6 times, from 4.03 x 1020 J in 
1999 to 6.4 x 1020 J in 2020 (Callaghan, 1993, Figure 1.2). Hence, if the effectiveness of 
energy usage could increase by 10 per cent, by means of various heat transfer 
enhancement techniques (or an increase in heat transfer performance), this will result in  
6.4 x 1019 J of benefit (energy consumption) to humans and the world till 2020.  
 
1.2 State-of-the-art development 
 
Enhancement techniques are typically segregated into two groups: ‘passive’ and ‘active’ 
techniques. Passive techniques employ special surface geometries or fluid additives for 
enhancement. Active enhancement techniques include heated surface rotation, surface 
vibration, fluid vibration, electrostatic fields and suction at the heated surface. Although 
active techniques are effective in reducing the wall superheat and increasing the critical 
heat flux, the practical applications are restricted, generally because of the difficulty of 
providing the mechanical or electrical effect (Bergles, 1999). Two or more of these 
techniques may be utilized simultaneously to produce an enhancement that is greater 
than the individual techniques applied separately. This we call compound enhancement. 
All these techniques are listed in Table 1.1. 
 
Table 1.1 Summary of enhancement techniques (Webb, 1994) 
 
Passive techniques 
(no external power) 
Active techniques 
(require external power) Compound techniques 
Treated surfaces Mechanical aids 
Rough surfaces Surface vibration 
Extended surfaces Fluid vibration 
Displaced devices Electric or magnetic fields 
Swirl flow devices Injection or suction 
Coiled tubes Jet impingement 
  Surface tension devices  
Additive for liquids  
Additive for gases  
Combining two or more methods, 
e.g. rough surface with a 
twisted-tape swirl flow device 
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The performance and application of heat transfer enhancement techniques, either active 
or passive, have been studied for many years. However, the recent rapid growth of 
research activity in this field is clearly evident from an investigation cited by Bergles et 
al., (Bergles, 1997), with about 6 000 technical and manufacturer publications, the 
majority being published in the last 20 years (Figure 1.3). Meanwhile, a survey of US 
patents in heat transfer shows the same trend (Figure 1.4) (Webb et al., 1994). 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
Figure 1.3 Citations on heat transfer enhancement (Bergles et al., 1995) 
 
The tube-in-tube heat exchanger is a typical structure used in the air-conditioning 
industry and in chemical engineering. The techniques to enhance heat transfer in the 
tube-in-tube structure are receiving far more attention than the others. Fluted tubes, 
micro-fin tubes and various types of inserts are commonly considered. The fluted shape 
of tubes promotes condensate drainage from the surface by surface tension forces. 
Micro-fin tubes are very popular and efficient enhanced devices, and have received a 
great deal of attention in the literature. The average evaporation-boiling coefficient for a 
typical micro-fin tube is increased by 30 − 80%, and lower percentage increases in 
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pressure drop are observed (Bergles, 1999). The heat transfer enhancement for R22 
evaporation and condensation in micro-fin tubes ranges from 50% to 100%, while their 
pressure drop penalty increase ranges only from 20% to 40% (Schlager, 1990). 
 
However, both fluted tubes and micro-fin tubes are expensive, since they are more 
difficult to manufacture than insert devices (Webb, 1996). The tube inserts are, however, 
relatively low in cost, easy to install inside the tube and easy to remove for  
cleaning (Webb, 1994). This is why one of the major aspects of the research in the heat 
transfer enhancement field pertains to tube inserts. 
 
Twisted-tape and spiral wires (Bergles, 1969 and Webb, 1994) have been investigated 
and reported on extensively in the technical literature. A spiral element such as 
twisted-tape as well as spiral wire on the surface of the inner tube are believed to 
enhance convective heat transfer by introducing swirl into the bulk flow, thus promoting 
mixing. 
 
 
 
 
Figure 1.4 Patents on heat transfer enhancement (Webb et al., 1983) 
 
The formation of a special shape-extended surface may also provide an increased heat 
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transfer coefficient (h). Current enhancement efforts for gases are directed towards 
extended surfaces that provide a higher heat transfer coefficient than that of a plain fin 
design. Extended surfaces for liquids typically use much lower fin heights than those 
used for gases. This is because there is a smaller thermal resistance on the interface of 
the liquid and the solid (Bergles, 1999). 
 
Displaced insert devices are inserted into the flow channel to improve energy transport 
at the heated surface indirectly. Some articles (Emerson, 1961) involve the wire coil 
insert that is placed in a tube and is intended to promote mixing with the boundary layer, 
without significantly affecting the main flow. 
 
With the exception of the familiar technique of applying extended surfaces, the passive 
techniques have little to contribute in the way of enhanced heat transfer for free 
convection. This is because the velocities are usually too low to cause a secondary flow.  
Mechanically aided heat transfer (i.e. a heat transfer surface that is stirred or scraped) is 
a typical technique in the chemical or food industries when viscous liquids are involved. 
Since it is difficult to apply surface vibrations to real equipment, an alternative method is 
utilized whereby vibrations are applied to the fluid and focused towards the heated 
surface. Electrical fields are particularly effective in increasing heat transfer coefficients 
in free convection. Great bulk mixing is achieved in the vicinity of the heat transfer 
surface by the dielectrophoretic forces under high voltages (Ohadi, 1996). 
 
Surface roughness has been used extensively to enhance forced convection heat transfer. 
The integral roughness may be produced by means of traditional manufacturing 
processes such as machining, forming, casting or welding, etc. (Bergles, 1999). 
 
Generally, the maximum enhancement of laminar flow with many of the techniques is of 
the same order of magnitude, and seems to be independent of the wall boundary 
condition. The enhancement at laminar flow with some rough tubes, corrugated tubes, 
inner-fin tubes, various static mixers and twisted-tape inserts is about 200%. The 
improvements in heat transfer coefficients with turbulent flow in rough tubes are as 
much as 250% (Bergles, 2002). 
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Displaced enhancement devices are typically in the form of inserts, with the elements 
arranged to promote transverse mixing. They are used extensively for viscous liquids, to 
promote either heat transfer or mass transfer. Twisted-tape inserts have been widely used 
to improve heat transfer in both laminar and turbulent flows (Bergles, 1999). 
 
Helical coiled wire inserts, helical repeated ribs and star-shaped inserts have been used 
to increase vaporization coefficients and heat flux in heat exchangers. An increase of as 
much as 200% can be achieved in average heat transfer coefficients (Bergles, 1999). 
 
Very little work has been done on the thermohydraulic performance of helical 
wire-inserted tubes, especially for condensation heat transfer applications. 
 
1.3 Objectives of the study 
 
The purpose of this research is firstly to investigate the condensation heat transfer and 
pressure drop characteristics of horizontal tubes with helical wire inserts, secondly, to 
generate predictive correlations that could be used for practical design purposes, and 
thirdly to produce flow regime maps for condensation inside smooth tubes with helical 
wire inserts. 
 
1.4 Scope of the study                                                                      
 
The refrigerants (R22, R134a and R407C respectively) adopted in this research flow in 
the inner tube and water counterflowing in the annulus. The mass fluxes range from  
300 kg/m2s to 800 kg/m2s at a nominal saturation temperature of 40 ± 1°C. These high 
mass flux ranges of 300 to 800 kg/m2s are taken from the requirements of modern 
condensers such as those used in typical hot water heat pumps. 
 
The published correlations for heat transfer coefficients and pressure drops in smooth 
tubes were studied. To date, the majority of the research work with helical wire-inserted 
tubes has focused mainly on the single phase flow. The only work concerning R22 
condensation in the coiled wire inserted tubes was done by Agrawal et al., (1998). 
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However, their mass flux ranges were only 200 − 372 kg/m2s.  
 
From the worldwide literature, nobody was found to have investigated the flow regimes 
of the helical wire-inserted tubes. However, much more work has been done on other 
types of internally rough structures such as micro-fins. It is believed that a flow regime 
map based on visual observations should help to understand the heat transfer and 
pressure drop mechanism of condensation in a helical wire-inserted tube. 
 
The refrigerants R134a and R407C are investigated in this study with R22 as reference. 
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CHAPTER 2: LITERATURE SURVEY 
 
 
2.1 Introduction 
 
This chapter first describes the present states of the refrigerants and their future trends. 
Then the structure and geometry of the insert devices for heat transfer enhancement are 
introduced. From the literature investigation, these inserted devices are studied mostly 
in single-phase applications and are limited to two-phase conditions.  
 
2.2 Pure and mixture refrigerants 
 
Specialists predict that even a small reduction in the stratospheric ozone could cause an 
increase in skin cancers and cataracts in humans; the weakening and possible 
disappearance of some species of grain, trees and animals; and an increased degradation 
rate in some materials (such as plastics). Any change to the ozone layer due to natural 
causes or anthropogenic causes (related to man’s activity) will, therefore, have 
repercussions for the climate and life on the earth’s surface (Clodic and Sauer, 1994). 
Therefore, as part of the global effort to speed up the process of replacing the 
ozone-depleting substances, the prediction of the heat transfer coefficient of the new 
fluids (refrigerants) with proper predictive correlations is required for designers while 
experimental investigations are being carried out.  Since acceptance of the Montreal 
Protocol, the refrigeration, air-conditioning and heat pump industries have begun the 
long march of conversion from chlorofluorocarbon (CFC) refrigerants  (e.g. R11, R121, 
R114, R115 and R502) to hydrochlorofluorocarbons (HCFCs such as R22 and R123), to 
HFCs (hydrofluorocarbons such as R134a, R152a) and to natural refrigerants (such as 
hydrocarbons and ammonia) (Thome, 1996). 
 
Currently available synthesized chlorinated-alternative refrigerants are based on HCFCs, 
and intended to serve as short-term quasi drop-in replacements for CFCs, with minor 
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system modifications. The zeotropic mixtures or near azeotropic refrigerant mixtures 
are the most probable alternative fluids. The majority of these mixtures contain R22 and 
moderately flammable R32 or R143a. Zeotropic mixtures used as working fluids in a 
heat exchanger perform two characteristics not available from their pure fluids. These 
unique features are gliding-temperature phase-change processes and a variable 
composition with temperature change (Jung, 1993).  
 
Mixtures of R22 and R142b were selected as working fluids by Kim et al. (1994). It was 
found that the evaporating capacity increased by up to 200% based on the minimum load 
for a fixed rotational speed of the compressor. For a fixed evaporating capacity, the 
coefficient of performance (COP) increased for mixtures compared with pure 
refrigerants revealed in the same experiment. 
 
Three binary mixtures of R22, less volatile components and their four pure refrigerants 
were tested by Shizuya et al. (1995). They showed that heat transfer is reduced when 
using refrigerant mixtures in cases where the boiling temperatures of their components 
differ greatly. In the same research work, heat transfer appears to be improved for 
refrigerant mixtures by grooving the tube inner surface, and it compensated to a 
considerable degree for this performance reduction. 
 
The two-phase heat transfer coefficient and pressure drop characteristics of R22 and 
R32/125 have been measured by Wijaya and Spatz (1995). Their results showed the 
condensation heat transfer coefficients of R32/125 were slightly higher than those of 
R22; however, the evaporation heat transfer coefficients of R32/125 were much higher 
than those of R22 and the pressure drops of R32/125 were significantly lower than those 
of R22. 
 
A study on forced convection boiling heat transfer was carried out by Murata and 
Hashizume (1988), using binary mixtures of refrigerants R11 and R114. The result was a 
large reduction of heat transfer coefficients compared with those for pure components in 
the boiling dominant region due to mixture effects. But in the convection-dominant 
region, the heat transfer coefficients could be explained mainly by the change of fluid 
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properties. 
 
2.3 Structure and geometry 
 
The geometry of the preferred enhancement depends on the heat transfer mode 
(condensation, boiling or single-phase convection), the fluid, and whether the heat 
transfer process occurs outside or inside the tube. Therefore, the tube manufacturer must 
work together with an expert in the heat transfer application field to adopt appropriate 
enhancement geometries (Webb, 1996). 
 
2.3.1 Enhanced structures 
 
Locke (1932) applied the earliest patent to the so-called integral-fin tube. In the late 
1940s, the first commercially used enhancements were made by a thread-rolling process 
and were applied to the outer tube surface (Figure 2.1). Condensation coefficients on 
tubes having 15 fins per inch (5.9 fins per cm) for several fluids were reported by Beatty 
and Katz (1948). As advanced surface geometries were developed in 1970s, the fin pitch 
was reduced to 50 fins per inch (19.7 fins per cm) for copper tubes. The typical fin 
height is 1.0 − 1.5 mm (Webb, 1996).  
 
It was more difficult to achieve commercially effective processes to enhance the inner 
side of the tube than the outer side of the tube. Figure 2.2 shows an early commercial 
inner side enhanced tube, made by a tool that applies pressure to the outer tube surface, 
resulting in a helical ridge on the inner surface. In the 1960s, a swaging process was used 
to produce the internally finned tubes, but this process was slow and expensive (Webb, 
1996). 
 
It became desirable to provide a ‘double enhanced’ surface on both sides of the tube in 
the 1970s. Hence, it required advanced manufacturing processes to provide 
simultaneous enhancement on both sides of the tube. The Wolverine Turbo-Chil  
(Figure 2.3) was the first successful double-sided enhanced tube. Its outer side fins were 
made by using the traditional thread rolling process and its ribs were made through cold 
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deformation into a grooved mandrel. In 1984 the Turbo-C tube was produced, followed 
by its updated products Turbo-CII (1989) and Turbo-CIII (1995). The fin tips of 
Turbo-CII (Figure 2.4) were cut and twisted, which provided much higher condensation 
coefficients than its previous standard structure, Turbo-Chil (Webb, 1996). 
 
 
 
 
 
 
 
 
 
 
Figure 2.1 Standard 26 fins/in ‘integral-fin’ tube (Webb, 1996) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.2 The Wolverine Korodense corrugated tube (Webb, 1996) 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.3 The Wolverine Turbo-Chil tube (Webb, 1996) 
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Figure 2.4 The Wolverine Turbo-CII tube (Webb, 1996) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.5 Sumitomo Tred-19D (Webb, 1996) 
    
Wolverine also produced similar parallel products called Turbo-B, Turbo-BII and 
Turbo-BIII for enhanced boiling tubes. Of course, each product developed later 
provided a higher performance than its previous one (Webb, 1996). 
 
In 1983, Sumitomo Tred-19D was developed, which had 19 fins per inch (7.5 fins per 
cm) on its outer surface and dimples on its inner surface (Figure 2.5). It had 
three-dimensional internal roughness geometries. In 1977, Fujie et al. developed the 
first micro-fin tube for Hitachi Cable. Shinohara and Tobe (1985) described a type of 
improved micro-fin tube designed by Hitachi, which was very close to the present 
micro-fin tube (Figure 2.6) manufactured worldwide (Shinohara and Tobe, 1985).  
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Do = outer diameter 
Di = root diameter 
Dt = fin-tip diameter 
e = fin height 
t = tube thickness 
s = fin tip width 
γ = apex angle 
β = helix angle 
 
Figure 2.6 Micro-fin tube (Liebenberg, 2003) 
 
2.3.2 Inserts  
 
Insert devices involve various geometric forms that are inserted in smooth, circular 
tubes. Tube inserts can create single or multiple combinations of the following 
phenomena (Webb, 1994), which are favourable for increasing the heat transfer 
coefficient with a consequent increase in the flow friction: 
 
1. Generating rotating and/or secondary flow. 
2. Increasing the heat transfer area in the case where the contact between the inserts 
and tube inner wall is excellent. 
3. Interrupting the development of the boundary layer of the fluid flow. 
 
In addition, the inserts are low in cost, easy to manufacture and assemble, and easy to 
remove from the tube for cleaning purposes. Thus, wire inserts represent an important 
technology, and require more intensive studies. 
 
The insert devices usually belong to one of three different approaches to enhance the 
heat transfer of the tube side. The other two are internal fins and integral roughness. 
Which of the three methods is applied depends on two factors: heat transfer performance 
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and manufacturing cost. Internal fins and integral roughness require the deformation of 
tube material on its inner surface. Manufacturing the inner surface of the tube is 
expensive and the technology was improved only recently. The dominant insert devices 
are: twisted-tape inserts, extended surface inserts, brush or mesh inserts, displaced 
inserts and helical wire inserts (Webb, 1994). 
 
Twisted-tape inserts (Figure 2.7) cause the flow to spiral along the tube axis (Manglik 
and Bergles, 1993a, 1993b). Three factors enhance the heat transfer. First, the heat 
transfer coefficient increases, because the tape reduces the hydraulic diameter. Second, 
the speed of the flow is increased, because the twist of the tape causes a tangential 
velocity component. This also increases the flow speed near the inside wall of the tube. 
Third, heat is transferred conductively from the tape to the wall of the tube. This is like 
increasing the heat transfer contact surface area.  
 
 
 
 
 
 
 
 
 
Figure 2.7 Continuous twisted-tape insert (adapted from Manglik and Bergles, 
1993a) 
 
With regard to both laminar and turbulent flow, much research work (Date, 1974) has 
been done on twisted-tape inserted tubes. An updated understanding of heat transfer and 
friction characteristics was achieved by Manglik and Bergles (1992). They found that 
the laminar flow was influenced by at least the following five factors: thermal boundary 
condition, entrance region, natural convection, fluid property and the tube 
cross-sectional shape (Manglik and Bergles, 1993a, 1993b). To simplify this, the 
researchers (Shah and Bhatti, 1987, Bergles and Joshi, 1983, etc.) usually assume one of 
the following two boundary conditions: heat flux (q) to be constant or the wall 
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temperature (Tw) as constant. 
 
According to the laminar flow test results of Marner and Bergles (1978), the heat 
transfer performance of twisted-tape is better in heating than in cooling. They also 
showed that the performance of the internally finned tube is better than that of the 
twisted-tape inserted tube. 
 
 
 
 
 
 
 
Figure 2.8 Extruded inserts (Courtesy of Wieland-Werke AG) (Webb, 1994) 
 
In 1978, Royal and Bergles carried out an investigation on the augmentation of 
horizontal in-tube condensation by means of twisted-tape inserts and internally finned 
tubes. They tested two twisted-tape inserted tubes and four internally finned tubes 
compared with a smooth tube during low-pressure steam condensation inside the tubes. 
The twisted-tape inserts were found to increase the average heat transfer coefficients by 
as much as 30% above smooth tube values. Luu and Bergles (1979) tested the same 
twisted-tapes with R-113 and obtained similar results. 
 
Extended surface inserts (Figure 2.8) are an extruded shape inserted in the tube. After 
the extrusion inserted in the tube, a tube drawing is employed to provide a tight 
mechanical contact between the tube and the insert. This tight contact leads to a good 
thermal conduction from the extruded body to the tube wall, acting as an extended 
surface area. This type of insert is not often used in applications. Because of the 
comparison with other enhancement techniques, the pressure drop and manufacturing 
cost are unfavourable (Webb, 1994). 
 
There are some early insert devices (Figure 2.9): Figure 2.9a was compared with the 
twisted-tape insert by Oliver and Aldington (1986), and Figure 2.9b was tested and 
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reported by Mergerlin et al. (1974). Figure 2.9c and Figure 2.9d were tested by Koch 
(1958). Especially for turbulent flow, they were probably the least effective in 
enhancing heat transfer coefficients. However, they caused a huge pressure drop 
compared with other competing insert devices.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.9 Mesh, brush and displaced inserts 
(a) Mesh insert (b) Brush insert (c) Spaced disk insert 
(d) Spaced streamline shape insert (Adapted from Webb, 1994) 
 
Royal and Bergles (1978) condensed steam in seven horizontal copper tubes, four of 
which had internal fins. The other three are two tubes with twisted-tape inserts and one 
smooth tube for comparison (Table 2.1). All the vapour was condensed in the test 
section. Their heat transfer coefficients are shown in Figure 2.10.  
 
The internally finned tubes provide significant heat transfer improvement, which is 
considerably higher than that provided by the twisted-tapes (tubes B and C). Tube G (16 
fins) provides the highest enhancement ratio of 2.3 relative to its 73% area increase. The 
heat transfer enhancement provided by tube D is much less than that of tube G, although 
they have approximately the same internal area. This shows that the area increase is not 
the controlling factor. The twisted-tapes provide only 30% heat transfer enhancement, 
but exhibit pressure drops equal to, or higher than, those of internally finned tubes, 
which means that the performance of twisted-tapes is distinctly poorer than that of 
internal finned tubes.  
( a ) ( c )
( b ) ( d )
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Figure 2.10 Experimental results of Royal and Bergles (1978) for steam 
condensation (a) heat transfer coefficients (b) pressure drops  
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Table 2.1 Geometries tested by Royal and Bergles (1978) 
 
 
 
2.3.3 Helical wire inserts    
 
The helical wire insert functions as wall-attached roughness like spaced helical ribs. It 
causes fluid to mix in the downstream boundary layer, thus producing enhancement 
through flow separation at the wire (Webb, 1994). 
 
Thomas (1967) discovered that the wires attached to the tube caused a marked increase 
in the condensing heat transfer coefficient. He then performed a systematic study of the 
effect of the wires on the rate of condensation. Although they are vertical wires attached 
to vertical tubes, 214% and 353% of the condensing coefficient increments were 
achieved with four wires obstructing 7.6% of the surface and 12 wires obstructing 23% 
of the surface respectively (Thomas, 1967).  
 
In 1970, Kumar and Judd investigated the effect of coiled wire turbulence promoters of 
three different wire diameters, 1.32 mm, 1.6 mm and 1.82 mm, and found as much as a 
280% increase in heat transfer. The research was carried out in a vertical thin stainless 
steel tube with a 12.7 mm outside diameter, a 0.254 mm wall thickness, and a length of 
863.6 mm. The tested forced convection water flow rate covered the range from  
0.0756 kg/s to 0.9072 kg/s. However, the frictional power loss increase in these 
experiments was much greater than the increased heat transfer (at a constant Reynolds 
number, an attendant 7000% increase in frictional power loss was obtained).  
 
Since a wire-coil insert acts like a roughness to disrupt the film, Luu and Bergles (1981) 
Code di (mm) Geometry 
e 
(mm) n α 
A/As 
(degrees) 
A 15.9 Smooth None None 0 1 
B 15.9 Twisted-tape None None 18.7 1 
C 15.9 Twisted-tape None None 9.3 1 
D 15.9 Internal fin 0.60 32 2.95 1.70 
E 12.8 Internal fin 1.74 6 5.25 1.44 
F 12.8 Internal fin 1.63 6 0 1.44 
G 15.9 Internal fin 1.45 16 3.22 1.73 
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studied the augmentation of in-tube condensation of R-113 by means of repeated-rib and 
spirally fluted tubes. Their results showed that the average heat transfer coefficients 
increased by about 80% and 50% above the smooth tube values (respectively) by means 
of the repeated rib tubes and the spirally fluted tubes. The pressure drop increases in 
both types of tubes were less than 50%. 
 
Sethumadhavan and Rao (1983) carried out single-phase experiments on turbulent flow 
in helical-wire-coil-inserted tubes. They tested eight enhanced tubes and compared their 
performance with a reference standardized smooth tube. Two wire diameters of  
2.0 mm and 3.0 mm, four helix angles of wire coil, β = 30 °, 45°, 60° and 75°, 
corresponding to pitches of p = 66 mm, 38 mm, 22 mm and 10 mm respectively were 
tested. They found that the helix angle is a significant parameter affecting friction in 
helical-wire-coil-inserted tubes in view of the swirl flow involved. Water and 50% 
glycerol were used as working fluids. The results showed that the optimal helix angle 
lies in the vicinity of 50° – 60° for both fluids. The enhancement in the heat transfer rate 
varied from a minimum of 15% to a maximum of 85%, based on the ratio of individual 
heat transfer coefficients. The increase in friction factor ranged from 30% to as high as 
220% compared to the smooth tube. 
 
Uttarwar and Rao (1985) tested the augmentation of laminar flow heat transfer in tubes 
by means of wire coil inserts. The experiments were conducted for heating of the oil 
inside the inner tube and hot water flowing (in highly turbulent flow) in the annulus of 
the tube-in-tube heat exchanger so as to provide a constant metal wall temperature. An 
improvement as high as 350% was obtained in heat transfer performance, when 
compared with a smooth tube at constant pumping power and constant basic geometry, 
which resulted in a reduction in the heat exchanger area by 70 – 80% using this type of 
wire coil-insert enhancement. The pressure drop results indicate that the friction factor 
increase is somewhat low at a lower flow rate; however, the swirl flow increases the 
friction factor to a greater extent at higher flow rates. 
 
Chiou (1987) investigated the augmentation of forced convection in spiral spring 
inserted tubes. Light engine oil (SAE 10) was used as the test fluid flowing inside the 
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inner tube and cold water counterflowed in the annulus. It was found that the heat 
transfer coefficient reached 1.5 times that of the smooth tube when the Reynolds number 
was greater than 6000. The inserts in this experiment were made slightly smaller than 
the tube inner diameter (for easy assembly), which led to the insert moving inside the 
tube, resulting in a changing pitch. 
 
Prasad and Brown (1988) presented the results of an experimental study of convective 
heat transfer augmentation of a horizontal inner tube with a wire-coil spring inserted. 
The wire-coil inserts were constructed with stainless steel wires of 0.813 mm, 1.016 mm, 
and 1.575 mm in diameter, with pitches of 8.47 mm, 5.08 mm, 3.63 mm and 2.82 mm, 
respectively. The copper tube-in-tube heat exchanger was constructed with an inside 
diameter of 14 mm of the inner tube and an inside diameter of 26 mm of the outer tube. 
The coils of the inserts were silver soldered to a thin wire running longitudinally along 
the coil in order to prevent any movement of the coil by the fluid flow. The forced 
convection turbulent flow conditions are over a range of Reynolds numbers from 40 000 
to approximately 97 000. A factor of up to 2.27 was observed to increase the heat 
transfer. Their result shows that the effectiveness of wire-coil inserts is a function of the 
Reynolds number as well as pumping power per unit heat transfer area of smooth tube. 
 
Agrawal et al. (1998) studied the condensation of R22 in a tube-in-tube heat exchanger 
with an inner hard-drawn copper tube of 12.7 mm inside diameter and 15.4 mm outside 
diameter, and a hard-drawn outer tube of 50 mm inside diameter. The basic 
test-condenser consisted of four separate coaxial tube-in-tube condensers assembled in 
series, each with a length of 850 mm. Three types of wires with diameters of 0.65 mm, 
1.0 mm and 1.5 mm and three types of pitches (p = 6.5 mm, 10 mm and 13 mm) were 
employed in the experiments. The tested mass fluxes of refrigerant R22 were from 200 − 
372 kg/m2s and the cooling water mass flow rates were in the range of 0.0083 −  
0.417 kg/s. A 100% condensing heat transfer coefficient increase was found by using the 
helically coiled wire inserts compared to the plain smooth tube values. The heat transfer 
coefficients were observed to increase as the vapour quality or mass flux increased 
respectively, when other parameters remained unchanged. The reason why the heat 
transfer coefficient increases with the increase in vapour quality is that at high vapour 
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quality, the liquid film on the inner tube wall is thinner, thus offering lower thermal 
resistance. Agrawal et al. (1998) also researched the effective heat transfer coefficient 
by means of the coil insert parameters and found that with the same mass flux and same 
pitch, at high vapour qualities, the highest coil insert achieved maximum heat transfer 
enhancement. However, with low vapour qualities there is a reverse trend, in that the 
thinnest coiled wire gains the maximum heat transfer enhancement. Agrawal et al. 
(1998) could not find the particular function between the heat transfer coefficients and 
pitches of the coil inserts. A general trend to yield maximum heat transfer enhancement 
with the smallest coil pitch is exhibited only at low vapour qualities. 
 
Appendix C is a summary in a table format from literature of condensation with wires 
and repeated ribs attached. It can be deemed that the relationships are valid for 
refrigerants R113, R12, R22, steam and low mass fluxes ranging from 200 to  
372 kg/m2s. 
 
Most of the relevant literature published in the field was discussed in this section. Very 
little literature is available on modern refrigerants. 
 
2.4 In-tube condensation correlations                                                       
 
Enhanced surfaces have been adopted extensively instead of plain surfaces in most heat 
exchangers for most practical applications in recent years. The heat transfer increases 
because the enhanced surfaces not only provide an increase in the heat transfer area, but 
also change and increase the heat transfer mechanism: 
 
For a plain surface, the heat transfer between the wall and the refrigerant fluid is given 
by: 
 
( ) ( )s w refQ hA T T= −                                                                                                   (2-1) 
 
For an enhanced surface, the heat transfer between the wall and the refrigerant fluid is 
hence given by: 
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)()( refwe TThAQ −=                                                                                                  (2-2) 
 
The ratio of (hA) e of an enhanced surface to (hA) s of a comparable plain surface at a 
similar mass flux, heat flux, pressure level, and inlet and outlet quality is defined as the 
enhancement factor EF (Schlager et al., 1990): 
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                                                                           (2-3) 
 
hA could be increased by:  
 
1) Increasing the heat transfer coefficient h. 
2) Increasing the surface area A. 
3) Increasing both the heat transfer coefficient h and the surface area A. 
 
The first term on the right of Equation (2-3) defined the area enhancement ratio (AH): 
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For a tube-in-tube heat exchanger, the heat transfer between the two fluids is defined by: 
 
mTUAQ Δ=                                                                                                                (2-5) 
 
where the reciprocal of term UA depicts the overall thermal resistance (Webb, 1994): 
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Subscripts i and o refer to the inner and outer surfaces of the inner tube. The first and last 
terms account for the convective resistance between the flowing fluids and the tube wall. 
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The second and fourth terms are the fouling resistance on the inner and outer surfaces of 
the inner tube. Rw is the conduction resistance of the solid tube wall, which separates the 
fluid streams. 
 
In this research, the fouling factor is neglected, so Equation (2-6) could be reduced to: 
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w
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R ηη
111 ++==                                                                               (2-7) 
 
where iη  and oη  are termed the overall surface efficiencies of the inner and outer 
surfaces respectively (which are usually assumed to be 1.0). Thus, Equation (2-7) is 
reduced to:  
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The pressure drop penalty factor (PF) is defined as the ratio of the pressure drop in the 
enhancement tube to the comparative same length smooth tube: 
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2.4.1 Correlations in single-phase 
 
The heat transfer augmentation of laminar flow with wire coil inserts in tubes was tested 
by Uttarwar and Rao (1985). They correlated the Nusselt number as: 
 
( ) ( )0.380.25 tan 0.35 0.141.65 tan (Re ) Pr ( / )
eqd w
Nu
ββ μ μ−⎡ ⎤⎢ ⎥⎣ ⎦=                                               (2-10) 
 
This correlation is applicable to the following limits of the parameters: 
 
2.0 mm < e < 3.4 mm 
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0.08 <  
i
e
d
 < 0.13 
15.8 mm < deq < 25.2 mm 
32º < β < 61º 
300 < Pr < 675 
30 < Re < 700 
59.5 <  
eq
L
d
 < 95.0  
 
However, for turbulent flow, the relationship between the shear and the average velocity 
is not well understood. Moreover, in laminar flow, the friction factor is independent of 
surface roughness; in turbulent flow, the quality of the tube surface influences the 
pressure loss. Therefore, friction factors for turbulent flow must be measured and 
correlated empirically. 
 
The heat transfer augmentation of turbulent flow with wire coil inserts in tubes was 
correlated by Sethumadhavan and Rao (1983). It was developed based on the fraction 
similarity law and heat-momentum transfer analogy model:   
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                                                                                  (2-11) 
 
where the function g(e+), Stanton number St, function B(e+) and roughness Reynolds 
number e+ are as follows: 
 
13.055.018.0 )(Pr)(tan6.8)( ++ = eeg β                                                                        (2-12) 
 
PrRe
NuSt =                                                                                                              (2-13) 
 
13.018.0 )()(tan0.7)( +−+ = eeB β                                                                                (2-14)   
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The above correlation is applicable to the following limits of the parameters: 
 
2.0 mm ≤ e ≤ 3.0 mm 
0.08 ≤ 
i
e
d
 ≤ 0.12 
12.70 mm ≤ deq ≤ 25.00 mm 
30º ≤ β ≤ 75º 
5.2 ≤ Pr ≤ 32 
4000 ≤ Re ≤ 100 000 
57.69 < 
eq
L
d
 < 118.11 
 
Kumar and Judd (1970) tested electrically heated water in the wall of a stainless steel 
tube. The following correlation was based on their heat transfer data: 
 
3
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and it was applicable to: 
 
0.108 ≤ 
i
e
d
 ≤ 0.15 
1.12 ≤ 
i
p
d
 ≤ 5.5 
6000 ≤ Re ≤ 100 000 
 
For an air-to-air heat exchanger, Zhang et al. (1991) correlated the Nusselt number and 
friction factor respectively on their experimental data: 
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These three correlations were applicable to: 
 
0.037 ≤ 
i
e
d
 ≤ 0.09 
0.35 ≤ 
i
p
d
 ≤ 2.48 
6000 ≤ Re ≤ 80 000 
 
Ravigururajan and Bergles (1996) worked on a large database and developed the general 
correlations for heat transfer and pressure drop in single-phase turbulent flow in 
internally enhanced tubes. Their final normalized heat transfer correlation was given as: 
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while they gave the friction factor correlation as: 
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These two correlations were applicable to: 
 
0.01 ≤ 
i
e
d
 ≤ 0.2 
0.1 ≤ 
i
p
d
 ≤ 7.0 
0.3 ≤ 
90
β  ≤ 1.0 
5000 ≤ Re ≤ 250 000 
0.66 ≤ Pr ≤ 37.6 
 
2.4.2 Correlations in two-phase  
 
Since Nusselt derived the theoretical relationships for the rate of laminar film 
condensation in 1916 (Thomas, 1967), the subject has been researched extensively, 
which shows that the hydrodynamics of the flow in thin film is the primary fact in 
predicting rates of condensation. Nusselt analyzed film condensation on a vertical plain 
surface, which had a uniform temperature with a stagnant and saturated vapour 
surrounding it (Nusselt, 1916). 
 
After this pioneering research, condensation in the inner tube was increasingly 
understood and was applied in the industry. Thomas (1967) analyzed the film 
condensation in a vertical tube with vertical wires attached along its axis. He correlated 
the enhanced effect as: 
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This correlation predicts that 
o
h
h
 increases almost in direct proportion to .cNd
dπ  For any 
given value of ,cNd
dπ  the above correlation also predicts that o
h
h
 increases as the mass 
flux per unit of tube perimeter,Γ decreases.  
 
One of the most widely used correlations in predicting smooth in-tube condensation was 
presented by Shah (1979) as: 
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The range of parameters in the above correlation covered: 
 
0.002 ≤ rp  ≤ 0.44   
10.83 kg/m2s ≤ G ≤ 210.56 kg/m2s 
3 m/s ≤ G
υρ  ≤ 300 m/s 
100 ≤ Re ≤ 63 000 
1 ≤ Pr ≤ 13 
 
This correlation has been verified with a wide variety of fluids, including water, R11, 
R12, R22, R113, methanol, ethanol, benzene, toluene and trichloroethylene. The mean 
deviation for the 474 data points analyzed was found to be accurate to 15.4%. 
 
Luu and Bergles (1980) condensed R113 in internally finned tubes (the situation is 
similar to the helical wire-inserted tubes) and the obtained correlation included most of 
the relative parameters: 
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where  
 
 1 1l
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Wang (1987) studied the stratified flow with wire inserted tube and then correlated the 
condensation coefficient as: 
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He condensed R12 in a tube with an inside diameter of 8.4 mm, with two different wire 
inserts: 
1) e = 0.5 mm, p = 2.6 mm 
2) e = 0.3 mm, p = 1.5 mm 
 
Thus, he obtained a heat transfer enhancement of 35 − 40% and a pressure penalty of 
/ 10.sp pΔ Δ ≅  
 
The studied results by Agrawal et al. (1998) of the condensation of R22 in the 
tube-in-tube heat exchanger with a helical wire insert showed that the heat transfer 
coefficient was a complex function of mass flux, vapour quality and physical 
dimensions of the coil. Their test-condenser consisted of four separate coaxial 
tube-in-tube test sections assembled in series. R22 condensed inside the inner tube by 
rejecting heat to the cooling water counterflowing in the annulus. The heat transfer 
coefficients were calculated by: 
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where id  and od  are inside and outside diameters of the inner tube, L is the length of the 
single test section and wk  is the thermal conductivity of the tube material. 
 
The modification correlation of Boyko and Kruzhilin (1967) was used for this 
experiment: 
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where 
 
/x LΔ = change in vapour quality inside the test section per unit of its length. 
 
/ 1 ( ) /l m l g gxρ ρ ρ ρ ρ= + −                                                                
 
in which ,lρ  gρ  and mρ were defined as the densities of liquid, vapour and mixture by 
Boyko and Kruzhilin (1967). 
 
2.5 Conclusion 
 
The lack of general correlations for predicting flow condensation heat transfer, 
especially for recently developed enhanced surfaces and structures, leads to technical 
limitations in practical applications. The development of heat transfer correlations in 
smooth tubes under flow condensing conditions has enjoyed significant progress in 
recent years. However, predicting the flow condensing heat transfer coefficients for 
commercially available enhanced geometries over a wide range of operating conditions 
is still far from having an accurate analytical correlation model. Therefore, the 
experimental and theoretical knowledge in the field requires more work. 
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CHAPTER 3: EXPERIMENTAL SET-UP 
 
 
3.1 Introduction 
 
This chapter describes the general features of the experimental facility, which is 
designed to produce condensation conditions in a tube. The system has the refrigerant 
(R22, R134a or R407C) flowing in the inner tubes with the cooling water flowing in a 
counter-direction in the annuli. 
 
3.2 Previous experiments 
 
The experimental system is a multifunctional test facility that has been used previously 
by Coetzee (2000), Bukasa (2002) and Liebenberg (2003) etc.. The inner tube could be 
of the smooth, micro-fin, herringbone micro-fin or insert types. The smooth tube-in-tube 
heat exchange was investigated with water-to-water and then water-to-refrigerant by 
Coetzee (2000), Bukasa (2002) and Liebenberg (2003). The former experiments were 
carried out to obtain the annulus heat transfer coefficient (ho) by using modified Wilson 
plot techniques (Briggs and Young, 1969). The latter experiments were conducted to 
achieve the basic reference data for further comparison of the enhancement techniques. 
 
Three kinds of micro-fin tubes with helix angles of 10°, 18° and 37° respectively were 
investigated by Bukasa (2002) and Liebenberg (2003). They studied the heat transfer 
and pressure drop performance extensively and presented flow regime-based heat 
transfer and pressure drop correlations. Their experimental results will be used in this 
research project for the purposes of comparison. 
 
Condensation in herringbone micro-fin tubes was studied by Olivier (2003), Lambrechts 
(2004) and Owaga (2004). Their experimental results showed that the heat transfer 
coefficients increased by 96% − 115%, while the pressure drops did not increase 
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compared to those of the helical micro-fin tubes (Olivier, 2003). 
 
Figure 3.1 Schematic diagram of the experimental system 
 
3.3 Experimental set-up   
 
The refrigerants used in the system were R22, R134a and R407C, which covered the 
mass flux range from 300 kg/m2s to 800 kg/m2s flowing inside the inner tube. This mass 
flux range covered the typical operational range of commercial water heater heat pump 
condensers. The experimental system maintained the refrigerant vapour completely 
condensed in the test section (which could be visually observed through sight glasses) at 
a nominal saturation condensation temperature of 40°C with the vapour qualities 
ranging from 0.05 − 0.95.     
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The flow regime could be visually observed by high-speed digital videography. All the 
required data was acquired by computer via a data acquisition system. 
 
The experimental set-up is shown schematically in Figure 3.1. A hermetically sealed 
reciprocating compressor with a cooling capacity of 9.6 kW was used in this system. 
Two dial pressure gauges with a range of 0 − 1000 kPa (inaccuracy: ± 0.2%) were used 
to monitor the low pressure at the inlet and outlet of the evaporator, while another two 
dial pressure gauges with a range of 0 − 3000 kPa (inaccuracy: ± 0.2%) were used to 
monitor the high pressure at the outlet of the compressor and the inlet of the condenser. 
These were used mainly when charging the refrigerant, while nine piezoelectric pressure 
transducers were placed along the condenser to take semi-local pressure readings, all of 
which were acquired with a computer.  
 
The three flow loops are used in the experimental set-up (Figure 3.1). They are the 
refrigerant vapour loop and two water loops. The water loops included a cooling water 
loop and a heating water loop. 
     
3.3.1 The water loops 
     
Two water loops worked separately on the condensation side and on the evaporation 
side of the experimental system (Figure 3.2). 
 
The cooling water was supplied by the cold water storage insulated reservoir with a 
capacity of 1000 litres, pumped by a 4 kW-capacity centrifugal pump, flowing through 
the condensing section, absorbing the latent heat from the condensing refrigerant and 
then flowing back to the storage reservoir. The centrifugal pump had a maximum flow 
capacity of 3 l/s and its water flow rate was controlled by a hand-valve to adjust the flow 
rate through the annulus of the tube-in-tube condenser so as to meet the experimental 
requirement. The water flow rate was measured by a Coriolis mass flow meter. The 
gauge pressure in the annulus of the water loop was kept between 70 − 140 kPa, so as to 
prevent the formation of air bubbles that could affect not only the heat transfer from the 
refrigerant to the water but also the temperature reading.  
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(a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) 
Figure 3.2 Photographic views of water flow supply facilities:  
(a) water reservoirs (b) cooling and heating water loops 
 
A 15 kW chiller was connected to the storage reservoir, in which the water could be kept 
to 5°C to 25°C depending on the requirement of the experiment. 
 
A similar flow loop for the heating water on the evaporation side consisted of an 
insulated reservoir of 1000 litre capacity and a 7 kW-positive displacement pump with a 
flow capacity of 1.67 l/s (at 1440 rpm). The insulated reservoir was connected to a  
Test condenser Condenser water flow 
Evaporator 
water flow
Evaporator 
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12 kW electric resistance heater. It could maintain temperatures between 20°C to 40°C 
(with 1± o C) depending on the experimental requirement. Increasing or decreasing the 
temperature of the water through the evaporator altered the refrigerant density at the 
compressor inlet and thus the refrigerant mass flow (Liebenberg, 2003). 
 
The capacities of both storage insulated reservoirs were large enough, and furthermore 
connected to a chiller or heater. It was therefore easy to maintain stable temperatures in 
the insulated reservoirs. This helped to obtain quick steady-state experimental 
conditions. Either in cooling or in heating, the mass flow was monitored by the 
rotameters and by Coriolis flow meters.  
 
3.3.2 The vapour compression loop 
    
The reciprocating compressor with suction accumulator, water-cooled condenser, 
expansion valve and water-heated evaporator form the refrigerant loop. The refrigerant 
is driven to flow through the loop by a nominal cooling capacity of 9.6 kW (at a 
temperature of 10°C evaporating and 45°C condensing) hermetical reciprocating 
compressor. Polyolester oil (Castrol SW 32A) was used for compressor lubrication. The 
oil concentration in the refrigerant could be controlled by manually adjusting the flow 
through both the bypass line and the oil separator. 
 
A water-cooled spiral coiled tube-in-tube after-condenser was situated downstream of 
the tested condenser to ensure that only liquid refrigerant entered and flowed through the 
Coriolis mass flow meter. This could also be verified by the two sight glasses located in 
the two terminals of the Coriolis mass flow meter.  
 
The condenser test section consisted of eight tube-in-tube heat exchangers connected in 
series (Figure 3.3). For the smooth tube-in-tube condenser, the total length was 12 m, 
which gave each branch a 1.5 m length. For the helical wire-inserted tube-in-tube 
condenser, the total length was 8 m, which yields branch lengths at 1 m each. However, 
for the micro-fin tube-in-tube condenser, there were varying lengths, because there were 
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different average enhanced heat transfer factors (EFs) for micro-fin tubes with different 
helix angles. Three tube lengths of micro-fin tubes were adopted by Bukasa (2002) and 
Liebenberg (2003) with helix angles of 10°, 18° and 37° (Appendix A).  
 
Figure 3.3 A photographic view of the test condenser 
 
A hard-drawn refrigerant copper tube (with a thermal conductivity of 400 W/mK at 
room temperature) was selected as an inner tube with an inner diameter of 8.11 mm and 
an outer diameter of 9.53 mm. A hard-drawn refrigerant copper tube was also selected as 
an outer tube with an inner diameter of 17.27 mm and an outer diameter of 19.05 mm. 
 
The refrigerant flowed through the inner tube, while the cooling water flowed through 
the annulus in a counter-current direction. Following the Coriolis mass flowmeter was 
the filter drier, which removed any moisture and impurities in the refrigerant. The 
expansion valve was adjusted manually to control the evaporating temperature and the 
degree of the superheat in the evaporator, so as to meet the experimental requirement. 
 
The suction accumulator, which retained all the liquid refrigerant not entering the 
compressor, followed the water-heated evaporator located on the low-pressure side of 
the system to complete the refrigerant loop.  
Subsection of the 
test condenser 
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3.3.3 Data acquisition system 
 
The data acquisition system consisted of a personal computer linked to a chassis with 
four analog-to-digital modules and a terminal block. Each terminal block was connected 
to 16 resistant temperature detectors (RTDs). The LabVIEW (Laboratory Virtual 
Instrument Engineering Workbench) data acquisition software was used (National 
Instruments 2000). The details are as follows: 
 
? One Personal computer with Intel P-III CPU (850 MHz); Microsoft 2000 
operational system; 20 G hard drive and 128 M memory for data gathering. 
? One SCXI-1001 Chassis (Signal Conditioning eXtensions for Instrumentation). 
? One AT-MIO-16XE-50 16-bit Analog/digital Interface Card: Sampling 
maximum of 20 kS/s.  
? Four SCXI-1122 (16-Channel Transducer Multiplexers), for the acquisition of 
36 temperature signals of 18 measuring positions. 
? Four SCXI-1322 Terminal Blocks that supplied 1 mA constant current to the 
RTDs for temperature measurement. 
? One SCXI-1100 (32-Channel Multiplexer), for the acquisition of nine pressure 
signals of refrigerant and two flow rate signals (refrigerant flow rate as well as 
cooling water flow rate) at a maximum sampling rate of 250 kS/s. 
? One SCXI-1308 Terminal Unit that was connected to the Coriolis mass flow 
meters and pressure transducers, offered 4 − 20 mA current for flow rate and 
pressure measuring. 
? LabVIEW, a graphical data acquisition programming language from National 
Instruments (2000) was customized by Van der Hoek (2001). LabVIEW uses 
terminology, icons, and ideas that are known to the scientific world, and it uses 
graphic symbols rather than text-based programming to convey the needed 
actions. The programs of LabVIEW, usually with a front panel or user interface 
and a block diagram, reference subVIs (virtual instruments), which are 
sub-routines that perform a specific task and return an output to the main 
program. 
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Figure 3.4 Data acquisition system: (a) schematic diagram, (b) photographic view  
 
All the experimental data that was received from the Pt-100s, the Coriolis mass flow 
meters and the pressure transducers was relayed back to AT-MIO-16XE-50 (the data 
interface card) from where it could be accessed by the National Instruments Data 
Explore function using LabVIEW. A schematic diagram and photographic view of the 
data acquisition system are shown in Figure 3.4. 
 
RTD Pt-100s Pressure transducers 
Coriolis 
flow meter 
SCXI-1001 
chassis 
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All the measured and calculated quantities were displayed on screen in real time by the 
LabVIEW program, which linked to the REFPROP (NIST, 1999, 2000) database. This 
allowed the operator easy monitoring of the state of the system and gathering data when 
the energy balance was below 1%. Normally it required 15 minutes for each test 
stabilization. 
 
3.4 Test section 
 
The test section (i.e., the test condenser) consisted of eight tube-in-tube heat exchangers 
in series (Figure 3.5).  
 
As described in Section 3.3.2, the total length was 12 m for the smooth tube condenser, 
which gave each branch a 1.5 m length. This length was based on that of a typical heat 
pump with similar heating capacities. 
 
For the helical wire-inserted tube-in-tube condenser, according to its heat transfer 
efficiency of wire inserted in-tube condensing work by researchers listed in the literature 
investigation, the total length was estimated and finally determined as 8 m, which gave 
subsections of 1 m length each. All the test sections were covered with Armoflex foam 
rubber (thickness of 19 mm, k = 0.035 W/mK) for thermal insulation. 
 
3.4.1 Introduction 
 
The inner tube with an inner diameter of 8.11 mm, an outer diameter of 9.53 mm and an 
outer tube with an inner diameter of 17.27 mm, and an outer diameter of 19.05 mm were 
made of hard-drawn refrigerant copper with a thermal conductivity (k) of 400 W/mK at 
room temperature.  
 
Nine pressure transducers with an inaccuracy of  ± 0.02% were located at the inlet and 
outlet of each tested tube to measure the pressure of the refrigerant. The pressure 
transducers had an overall measurement uncertainty of 0.18%. Temperatures were 
measured with resistance temperature detectors (RTDs – European Pt-100s), which 
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were calibrated to measure within 0.1°C (Table A.2 in Appendix A). The RTDs (Pt-100s) 
heads were directly tight-fitted at the top and bottom of the tube at every measurement 
position, as shown in Figure 3.6 (a), which was located in the two terminal sides of each 
test subsection. In each test subsection, the pressure transducers and the RTDs at the 
outlet of one inner subsection tested tube acted as the inlet pressure transducer and 
RTDs for the next inner subsection tested tube. However, the RTDs at the outlet of an 
outer subsection tube (cooling water flowing through the annulus) acted as the inlet 
RTDs for the following outer subsection tested tube, as shown in Figure 3.5.  
 
Each subsection test condenser was joined by bent U-tubes. To take into account the 
centrifugal forces that enhance heat transfer, the length of the straight part of the bent 
U-tube was selected as 450 mm, as it should be equivalent to 50 times the diameter (do) 
of the inner tube, i.e. 50 x 9.52 mm ≈  450 mm (Cho and Tae, 2001) (9.52 mm is the 
outer diameter of the inner tube). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.5 Schematic diagram of test section 
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(b) 
 
Figure 3.6 Layout of RTDs (a) and Mini-video camera (b)  
 
Six sight glasses were installed at the outlet of each two-phase section for capturing the 
flow pattern images. The sight glasses had the same inside diameters as the inner tubes 
(8.11 mm) and had lengths of 50 mm, all of which were specially designed for flow 
RTD Pt-100s 
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pattern observation under high working pressures. The sight glasses were covered by 
Plexiglas and held intact by custom designed plate-tensioners, which were linked to the 
tubing system. One spotlight (12 V) and one digital mini-camera were installed for each 
sight glass. Their positions were adjusted carefully for optimal lighting (Figure 3.6 (b)). 
Flashpoint 3D framegrabbing software (Integral Technologies Inc., USA) was utilized 
to capture the images by the mini-video. The mini-video had an automatic shutter speed 
(up to 1
20 000
 of a second) control and could be focused manually. 
 
3.4.2 Manufacture and test of helical wires 
 
Stainless steel was used as material for the wires. The main factors that were considered 
were, firstly, the spring force that should be strong enough to stick to the inner wall of 
the inner tube so as not to be moved by the high mass flux refrigerant flow. The second 
factor was the diameter of the wire that should have a sufficient size so that the diameter 
of the spring wire is equivalent to the fin height of a micro-finned tube. 
 
The ratio of the wire diameter dc to the inside diameter of the inner tube should be 20
1≥  
(for forming the helical spring shape), i.e. 18.11 mm 0.41 mm.
20c
d ≥ × ≈  And 
considering that the original diameter (dori) of the spring coil should be bigger than the 
inside diameter (di) of the inner tube, dc = 0.5 mm was finally selected as the wire 
diameter employed.  
 
Further experimental work was done with different pitches of spring coils on a steel rod 
of a 6.3 mm diameter (the free released diameter would be reached at 10 mm). These 
spring coils were then released in transparent glass tubes, which had the same inside 
diameter as the inner tube for checking the uniform pitch spacing. These glasses with the 
inserted spring coil were then connected to a water line for checking that the spring force 
was strong enough to stick to the inner wall and the pitches of the wires were not 
affected by the high turbulent water flow ( 0.125 kg/s,M ≥&  Appendix B). All these 
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Refrigerant d i d o
β
dc
p
experiments facilitated the manufacturing of the stainless steel wire coils, which were 
manufactured by Starco (a specialist spring manufacturing company in South Africa). 
These original springs are shown in Figure 3.7 (a), and the schematic parameters after 
they were inserted in the tubes are shown in Figure 3.7 (b). 
 
                                         
 
 
 
                                                                 
 
 
 
 
 
 
 
 
 
 
(a) 
 
(b) 
Figure 3.7 Original spring (a) and schematic parameters of wire inserts (b)  
 
3.4.3 Calculation of the helix angle and helical wire length 
 
The helix angle β  was calculated according to Figure 3.8, which is a drawing of the 
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development of the helix inserts as it is expanded in a tube. The helix angle could be 
expressed as: 
 
p
dd ci πβ )()tan( −=                                                                                                  (3-1) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.8 The development of the helical wire  
 
 
The development angle α  is: 
 
πα )()tan( ci dd
p
−=                                                                                                   (3-2) 
 
or  
 
90α β= −o                                                                                                                 (3-3) 
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The wire length per coil turn was: 
 
[ ]22 ( )i cs p d d π= + −                                                                                              (3-4)                
 
As will be explained in the next section, the real length of the inner tube was 1181 mm to 
supply a nominal tube length of 1000 mm (1 m). So for a required pitch (p), the original 
spring length would be: 
 
[ ]
[ ]22
1181 22
( )
1181 118.1176
( )
i cori
p
ori ori c
p d dp sL
p pp d d
π
π−
+ −= ⋅ =
+ −
 (mm)      (3-5)   
      
From Equations (3-1), (3-2) and (3-5), for a given pitch, the required helix angle and the 
spring length was obtained, as shown in Table 3.1. These three kinds of springs were 
carefully cut into pieces and prepared to be used in the experiments. 
 
Table 3.1 Helix angles and spring lengths 
p (mm) ( )α o  ( )β o  1181 pL −  (mm) 
5.00 11.8 78.2 577.00 
7.77 18.0 72.0 382.24 
11.00 24.7 65.3 282.59 
 
3.4.4 Fabrication of the test section 
 
The spring was helically bound on a shaft that had a diameter of 6.3 mm, and then 
inserted and released inside the inner tube. The assembly of the tube-in-tube test 
condenser is shown in Figure 3.9. The inner tubes were connected to each other by a 
series of bent U-tubes. The outer tubes were connected to each other by side tubes in 
series through which the cooling water flowed. 
 
After the test section was assembled and fitted with sight glasses and pressure 
transducers, the inner and outer tube sections were subjected to separate leak detection 
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tests. The inner tube leak detection was done with nitrogen at 3 MPa and kept 
pressurized for 24 hours (Figure 3.10). The outer tube leak detection was conducted by 
using tap water. Once the test section was deemed leak free, it was moved to the 
experimental bench where it was connected with the experimental set-up, i.e. the 
cooling water loop, refrigerant loop, RTDs, pressure transducers (data acquisition 
system) and mini-video cameras. Then, all the test sections were covered with Armoflex 
foam rubber for thermal insulation, except the sight glasses. 
Figure 3.9 Tube-in-tube assembly and a bent U-tube  
 
 
 
 
 
 
 
 
 
 
 
Figure 3.10 Leak detection for the inner tube by using nitrogen 
 
3.5 Uncertainty analysis 
 
The uncertainties for measurements in this study are listed in Table A.2 (Appendix A) 
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and were determined as ‘−− %’ for heat transfer coefficients and pressure drops 
(Liebenberg, 2003). 
 
3.6 Experimental procedures  
 
The system was pressurized twice with dry nitrogen to 1.1 MPa, each time for  
10 minutes, for removing moisture in the system. The system was then evacuated for at 
least four hours with a vacuum pump before 2.5 − 2.7 kg of R22 was initially charged, 
since R22 was the basic refrigerant against which the other refrigerants were tested. The 
container of R22 was heated with hot water so as to generate a sufficient pressure 
difference between the refrigerant container and the refrigerant loop of the experimental 
system; hence, force R22 flowed into the system. The R22 charge was loaded until no 
more gas bubbles were visible in the sight glasses located in the two terminals preceding 
the Coriolis mass flow meter. Meanwhile, the dial pressure meter located at the inlet of 
the compressor and the display panels of the mass flow meter were used to monitor the 
charging procedure. 
 
The target values of the refrigerant saturation temperature were 40°C ±  1°C and the 
vapour quality between 0.05 − 0.95. Under these required conditions, the heat transfer 
performance and pressure drop of the tested condenser were tested at eight points from 
G = 800 kg/m2s ±  25 kg/m2s to G = 300 kg/m2s ±  25 kg/m2s, in step of  
100 kg/m2s ±  25 kg/m2s.  
 
During all the tests, an overall temperature difference of at least 6°C was maintained 
between the water temperature at the inlet and outlet of the tested condenser, in order to 
decrease the experimental uncertainty of the measurements. The cooling water 
temperature ranged from 5°C to 25°C (within ± 1°C) depending on the requirement of 
the experiment, while the heating water temperature ranged from 20°C to 40°C (also 
within ± 1°C). 
 
With the initial start-up of the data acquisition system (viz. National Instruments 
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hardware and LabVIEW software), a period of 20 minutes was used for establishing 
steady state conditions. The software was programmed to measure all the required 
parameters automatically, and display them on the computer screen in real time. Once an 
energy balance less than 1% was established for duration of five minutes, all the tested 
parameters were recorded manually or automatically and output to a .csv file on the hard 
drive where they were analyzed by using spreadsheet and other programs. 
Simultaneously, the pictures of the flow patterns at the six points (six channels as shown 
in Figure 3.5) were taken sequentially by the mini-video cameras and framegrabbing 
software. The spotlights were controlled manually to be switched on only when a 
photograph was taken, to reduce the effect of the heat emitted by the lights. 
 
Table 3.2 Details of the experimental procedures  
 
Mass flux  G (kg/m2s) Pitch 
p 
(mm) 
Helix 
angle β 
( º ) 
Refrigerant 
800 700 600 500 400 300 
Experimental 
schedule 
R22 √ √ √ √ √ √ p5 – 1 
R134a √ √ √ √ √ √ P5 – 2 
 
5 
 
78.2 
R407C √ √ √ √ √ √ P5 – 3 
R22 √ √ √ √ √ √ P7 – 1 
R134a √ √ √ √ √ √ P7 – 2 
 
7.77 
 
72.0 R407C √ √ √ √ √ √ P7 – 3 
R22 √ √ √ √ √ √ P11 – 1 
R134a √ √ √ √ √ √ P 11– 2 
 
11 
 
65.3 
R407C √ √ √ √ √ √ P11– 3 
√ denotes the experiment was carried out under these specific conditions. 
Representative of pitch: p5 means p = 5 mm, p7 means p = 7.77 mm, and p11 means p = 11 mm. 
1 indicates the experiment using refrigerant R22. 2 indicates the experiment using refrigerant R134a... 3 indicates the 
experiment using refrigerant R407C. 
 
According to the above experimental procedures, the experiments were conducted as 
shown in Table 3.2. The experimental work was divided into nine sections of three 
groups, three sections in each group, from a specific pitch (p) value as shown in the right 
column of Table 3.2. For example, p7-2 means the experiment was conducted with a 
pitch (p) of 7.77 mm with refrigerant R134a. Among the experimental subsections in 
one group, the only difference was the refrigerant. However, the difference between the 
groups was that the whole test condenser was replaced with another one of a different 
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pitch (p) value. 
 
In addition, a special individual experiment was designed visually to understand and 
extend the knowledge of how wire inserts affect the flows and improve heat transfer 
performance. Water was used as the working fluid in the experiment flowing through the 
helical wire-inserted glass tubes. The detailed results are discussed and presented in 
Appendix B. 
 
3.7 Conclusion  
 
The experimental system was set up to perform condensation conditions similar to a 
typical commercial hot water heat pump. The test condensers were tube-in-tube heat 
exchangers with helical wire inserts. The design, calculation, manufacture and 
fabrication of the condensers were presented in this chapter. Three refrigerants, R22, 
R134a and R407C, condensing in the three different kinds of helical wire-inserted tubes, 
were investigated. The refrigerant mass fluxes covered ranges from 300 kg/m2s to  
800 kg/m2s. The experimental data was gathered by computer and processed by means 
of a spreadsheet program.  
 
The experimental set-up ensured that all the results from the above experiments are 
comparable with the referenced basic results of the experiments conducted in the 
smooth tube-in-tube heat exchanger, which were achieved in previous experimental 
work by Coetzee (2000), Bukasa (2002) and Liebenberg (2003). Furthermore, these 
results are also comparable with the experimental results of three kinds of micro-fin 
tube-in-tube heat exchangers, which were completed by Bukasa (2002) and Liebenberg 
(2003). These comparisons will be presented later. 
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CHAPTER 4: DATA REDUCTION 
 
 
4.1 Introduction 
 
This chapter presents the analytical procedures of the experimental data. The 
experimental data was captured and collected by the data acquisition system discussed 
in the previous chapter. 
 
4.2 Deduction of energy balance 
 
The experimental data is deemed to be valid when the energy balance between the 
condensing refrigerant and the water is less than 1%. The heat released by the 
condensing refrigerant inside the inner tube was: 
 
( )ref in outQ m h h= −&                                                                                                      (4-1) 
 
The heat absorbed by the cooling water flowing through the annulus was: 
 
( )wat pwat out inQ MC T T= −&                                                                                             (4-2) 
 
The average of the refrigerant released heat and water absorbed heat was defined as: 
 
2
ref wat
ave
Q Q
Q
+=                                                                                                     (4-3) 
 
The energy balance was calculated as: 
 
 
 52
 
)
(%) 100ave wat
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Q Q
Energy balance
Q
−= ×                                                                    (4-4) 
 
4.3 Heat transfer coefficient 
 
Average and local heat transfer are two experimental methods usually used in analyzing 
heat transfer coefficients.  
 
Most of the previous studies of in-tube condensation measured average heat transfer 
coefficients over a specific tube length using the log-mean-temperature-difference 
(LMTD) approach to data analysis. The advantage of this method is that time and money 
are saved in setting up the experimental facility. This is why it is used in most industrial 
and commercial applications. The disadvantage of this method is the dependence on 
heat transfer coefficients and refrigerant quality, which is difficult to resolve for a wide 
range of heat fluxes (Eckels et al. 1999). The advantage of the local heat transfer method 
is that additional information on the variations of the heat transfer coefficient with the 
refrigerant quality is provided. With the local heat transfer method, the heat transfer 
performance is obtained with associated small changes in the vapour quality. 
 
4.3.1 Average heat transfer coefficient 
 
The average heat transfer coefficient was calculated from the definition of the overall 
heat transfer coefficient of the tube-in-tube heat exchanger: 
 
1
ln1 1
2
av
o
o
ii
o o o Cu
h
dd dA
A U h k
= ⎡ ⎤⎛ ⎞⎜ ⎟⎢ ⎥⎝ ⎠− −⎢ ⎥⎢ ⎥⎢ ⎥⎣ ⎦
                                                                            (4-5) 
 
where oh is the annulus heat transfer coefficient:  
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μ
⎛ ⎞ ⎛ ⎞= ⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎝ ⎠⎝ ⎠
                                                                       (4-6) 
 
The two unknowns Co and P were determined experimentally from modified Wilson 
plot techniques (Briggs and Young, 1969) with Co = 0.0936 and P = 0.742 (Liebenberg, 
2003).  
 
oU  is the overall heat transfer coefficient based on the outside area of the inner tube, 
defined as: 
 
av
o
o
QU
A LMTD
= ⋅                                                                                                         (4-7) 
 
where  ( )av wat wat p out inQ Q M C T T= = −&                                                                  (4-8) 
 
and the log-mean-temperature-difference, LMTD, is based on the water inlet and outlet 
temperatures as well as the inlet and outlet saturation temperatures of the refrigerant, 
expressed as: 
 
( ) ( )
ln
sat out sat in
sat out
sat in
t T t T
LMTD
t T
t T
− − −= ⎛ ⎞−⎜ ⎟−⎝ ⎠
                                                                                (4-9)                  
 
The saturation temperature satt  was determined from an average of pure refrigerant bulk 
temperatures at the inlet and the outlet of the two-phase region. However, for the 
zeotropic mixtures (i.e. R407C), Cavallini et al. (2000) suggest that the saturation 
temperature satt  could be determined as follows: 
 
( )1sat dew glidet t t f xδ= − −⎡ ⎤⎣ ⎦                                                                                      (4-10)   
  
 54
where ( )f x  is an empirical function of the vapour quality that varies from 0.0 to 1.0. 
The value of ( )f x can be calculated from the refrigerant database REFPROP 6.02 
(NIST 2000) as a polynomial equation. 
 
4.3.2 Local heat transfer coefficient 
 
The total heat transfer can be expressed as the temperature difference between the 
in-tube refrigerant and the annulus water, divided by the network thermal resistance: 
 
( )
ln1 1
2
ref wat
o
i
i i Cu o o
t T
Q z
d
d
h A k z h Aπ
−= ⎛ ⎞⎜ ⎟⎝ ⎠+ +
                                                                              (4-11) 
 
Thus, the heat flux: 
 
( )
ln 1
2
ref wat
o
o
io
i i Cu o
t T
q z
dd dd
h d k h
−= ⎛ ⎞⎜ ⎟⎝ ⎠+ +
                                                                               (4-12) 
 
This heat flux was the same as that which the flowing water absorbed: 
 
( )
wat
wat pwat
o
dTM C
dzq z
dπ=
&
                                                                                           (4-13) 
 
where the water temperature was fitted to a two-degree polynomial as a function of axial 
distance: 
 
( )watT f z=                                                                                                               (4-14) 
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Combining Equations (4-12) and (4-13), the local heat transfer coefficient was obtained 
as: 
 
( )
1
ln
2
local
o
i
ref wat i i i
wat Cu o o
wat pwat
h
ddt T d d d
dT k d hM C
dz
π
= ⎛ ⎞⎜ ⎟− ⎝ ⎠− −
&
                                                         (4-15) 
 
where the water heat transfer coefficient oh was determined from the relative modified 
Wilson plot calculation, and the refrigerant temperature reft was measured from the 
measurement of the RTDs located at the inlet and outlet of each test subsection. 
 
4.4 Average and semi-local pressure drop, and pressure gradient 
 
Nine pressure transducers were located in two terminals of each test section. The 
average pressure drops were obtained by determining the average condensing pressure 
drops for all the vapour qualities of each mass flux. These pressure drops were then 
plotted against the mass fluxes. The pressure drops were taken from the two-phase 
regions, which had a nominal inlet quality of 90% and a nominal outlet quality of 10%. 
 
The semi-local pressure drops were obtained by calculating the pressure differences 
between the inlet and outlet of each condenser subsection.  
 
The semi-local pressure drop was divided by the subsectional length to obtain the 
pressure gradient, which was plotted against the average of the vapour quality.  
 
Due to the refrigerant inner tubes being connected to each other by bent smooth U-tubes, 
the Gnielinski (VDI-Verlag, 1991) correlation (4-16) was used to compensate for the 
pressure drop increment, which was caused by the U-tubes’ curvature and consequential 
centrifugal forces. The correlation is: 
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where l is the total length of the bent U-tube and ζ  is defined as the drag coefficient: 
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−
⎡ ⎤⎛ ⎞⎢ ⎥= + ⎜ ⎟⎢ ⎥⎝ ⎠⎣ ⎦
                                                                  (4-17) 
 
where U tubed −  is the diameter of curvature of the U-tube.                
 
This pressure drop increment was estimated to be less than 0.9%, compared with the 
subsectional pressure drop (Liebenberg, 2003). It could be ignored in determining the 
average pressure drop, because all the test sections had the same bent U-tube, and 
because of its small impression on the sectional pressure drop. 
 
During the manufacture of the test sections, the soldering was carefully carried out to 
avoid the production of circumferential ridges, which were determined by Newell et al. 
(2001) to be pressure-drop sensitive. Dry nitrogen was kept flowing through the tap hole 
during assembly to prevent the small hole (1 mm in diameter) from blocking. 
 
4.5 Deduction of vapour quality 
 
In the tube-in-tube heat exchanger experiments, the good energy balance of 1% implied 
a small amount of heat lost to the environment. If the heat loss was ignored, then the heat 
released by the condensing refrigerant was equal to the heat absorbed by the cooling 
water, which flowed through the annulus: 
 
ref watQ Q=                                                                                                                 (4-18) 
 
i.e. 
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( ) ( )ref ref in ref out wat pwat wat out wat inm h h M C T T− = −&&                                                          (4-19) 
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ref out ref in
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Qh h
m
∴ = +&                                                                                               (4-20) 
 
where the ref outh and ref inh were respectively the refrigerant enthalpies calculated from 
the REFPROP refrigerant properties database (NIST, 2000) at the outlet and inlet of the 
tested subsection. The average sectional vapour qualities were (Liebenberg, 2003): 
 
-
-
ref in l
ref in
l v
h h
x
h h
=    with lh and vh measured at ref int                                                  (4-21)        
 
-
-
ref out l
ref out
l v
h h
x
h h
=    with lh and vh measured at ref outt                                              (4-22)                     
 
So, the average vapour quality of each tested subsection was calculated as: 
 
, ,
2
ref in ref outx xx
+=                                                                                                     (4-23)                             
 
4.6 Conclusion 
 
In this chapter, the procedures of the experimental data collection were discussed. Most 
of the data reduction was performed by using a spreadsheet analysis. The experimental 
results will be presented and discussed in Chapter 5. 
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CHAPTER 5: EXPERIMENTAL RESULTS: FLOW REGIME, 
HEAT TRANSFER COEFFICIENT AND PRESSURE DROP FOR 
HELICAL WIRE-INSERTED TUBES 
 
 
5.1 Introduction 
 
This chapter presents and discusses the experimental results obtained from the helical 
wire-inserted tubes. The flow regime observations are illustrated with the aid of the 
mini-video hardware and Flashpoint 3D framegrabbing software (Section 3.3.1). The 
average and local heat transfer coefficients as well as the average and local pressure 
drops (when condensing in the helical wire-inserted tube) are studied. The effects of 
varying refrigerants, mass fluxes, vapour qualities and pitches with the heat transfer 
coefficients and the pressure drops are investigated. The experiments were conducted at 
mass fluxes ranging from 300 225 kg/m s± to 800 225 kg/m s±  with vapour qualities 
ranging from 5 – 10% to about 85 – 95%, and the average saturation temperature was at 
40 1± o C. 
 
The experimental results are compared to the results of the smooth tube-in-tube heat 
exchangers and, furthermore, to those of the helical micro-fin tubes. From the 
comparison, the heat transfer enhancement factors (EFs), the pressure drop penalty 
factors (PFs) and the total efficiency ratios (EF/PF) are deduced. 
 
5.2 Flow regime observations 
 
Thus far, there have been no flow regime maps available for the prediction of                            
the flow pattern transitions during condensation in helical wire-inserted tubes. The flow 
regimes were observed by means of mini-video cameras and the captured images are 
shown from Figures 5.1 to 5.18. Figures 5.1 to Figure 5.6 are the images with a pitch of 
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p = 5 mm; Figures 5.7 to Figure 5.12 with a pitch of p = 7.77 mm;  and Figures 5.13 to 
5.18 are the flow regime images with a pitch of p = 11 mm. In each case (with fixed 
pitch value), three refrigerants (R22, R134a and R407C) were tested individually. A 
total of six observation points covered the entire condensing range. The comparison 
discussions will be presented later (Section 5.5.1 and Section 5.7.1). Figure 5.19 shows 
the condensing processes for R22, R134a and R407C inside the helical wire-inserted 
tube with a pitch of p = 5 mm at a representative mass flux of G = 500 kg/m2s. There are 
no apparent differences to be found among the refrigerants, although the comparative 
vapour qualities differed. 
 
5.3 Heat transfer coefficients  
 
The experimental results are presented on the heat transfer performance to illustrate the 
effects of mass fluxes, vapour qualities and pitches.  
 
5.3.1 Average heat transfer coefficients  
 
Figures 5.20 to 5.22 show the average heat transfer coefficients versus the mass fluxes 
for the three tested helical wire-inserted tubes. It can be observed that the average heat 
transfer coefficients rise along a steady gradient as the mass fluxes are increased. These 
results could be explained because of 0.8h G∝ (Shah, 1979). Figure 5.23 provides a 
comparison of the average heat transfer coefficients of the three test refrigerants 
condensing in the p = 5 mm helical wire-inserted tubes. It can be seen on the low mass 
flux side that the three heat transfer coefficient trendlines merged. However, on the high 
mass flux side, the heat transfer coefficients of R22 were slightly higher than the other 
two. These results are similar to those obtained in the smooth tube, in which the heat 
transfer coefficient is relative to the properties of the refrigerant: 
0.4
,0.6 0.8p l
l l
l
c
h k ρμ
⎛ ⎞⎜ ⎟⎝ ⎠
  (Liebenberg, 2003). In this situation, the high mass flux produces 
an annular film that is thick enough to diminish the effect of the wire. Figure 5.24 shows 
a comparison of the average heat transfer coefficients of three test refrigerants 
condensing in the p = 7.77 mm helical wire-inserted tubes. From this chart, conversely, 
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it can be seen on the high mass flux side that the three heat transfer coefficient trendlines 
join each other, which again indicates that the heat transfer coefficients are very close. 
But on the low mass flux side, the heat transfer coefficients of R134a started slightly 
higher than the other two. The heat transfer coefficient showed little dependence on 
mass flux at this stage. This indicates that the high turbulence (evident at high mass 
fluxes) results in a suppression of any possible heat transfer enhancement effect of the 
wire inserted tubes. Therefore, the differences between the types of surface 
enhancement become less important at high mass fluxes. Figure 5.25 shows the average 
heat transfer coefficient comparison of the three test refrigerants condensing in the  
p = 11 mm helical wire-inserted tubes. From this chart, conversely, it can be seen that the 
three heat transfer coefficient trendlines rose in parallel with the mass flux increasing. 
The heat transfer coefficient of R134a was always high in the test range of the mass flux, 
followed by R22, and then R407C. The better condensation performance of R134a is 
mainly ascribed to its low reduced vapour pressure and low vapour density, which 
means greater vapour-specific volume, compared to the higher pressure refrigerants, 
R22 and R407C. Thus, it was shown that the condensation processes were quite 
complicated, though their heat transfer coefficients were very close. 
 
For comparison, the heat transfer coefficients of three refrigerants condensing in smooth 
tubes are showed in Figure 5.26, which depicts similar trend curves. 
 
5.3.2 Local heat transfer coefficients 
 
The local heat transfer data for condensing refrigerants R22, R134a and R407C in 
helical wire-inserted tubes, with different pitches versus vapour qualities, is presented in 
Figures 5.27 to 5.29. These figures illustrate the general effects of the mass fluxes and 
vapour qualities on the local heat transfer coefficients of the condenser. The heat transfer 
coefficients increase with the mass fluxes, regardless of the types of helical wire inserts 
or refrigerants tested. And, the heat transfer coefficients increase with increasing vapour 
qualities at constant mass fluxes, irrespective of the types of helical wire inserts or 
refrigerants tested.  
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At the high mass fluxes, annular flow prevailed, as was noted in the flow regime 
observations (Section 5.2). Heat transfer correlations for this flow regime are to be 
proportional to 
0.76
1
x
x
⎛ ⎞⎜ ⎟−⎝ ⎠ (Shah, 1979). It is therefore apparent that the heat transfer 
coefficient increases at a faster rate than the increase in the vapour quality. 
 
The helical wires were flooded by the condensed refrigerant fluid at low vapour qualities. 
Thus, only the vapour shear force was dominant for the heat transfer. This case was 
much like the heat transfer mechanism occurring in the smooth inner tubes (to be 
discussed as shown in Figure 5.45). The only difference was that the helical wires 
caused a secondary swirling flow effect on the liquid refrigerant. This secondary 
swirling flow promoted the heat transfer between the liquid refrigerant and the wall. At 
high vapour qualities, the helical wires affected not only the liquid refrigerant film but 
also the refrigerant gas, inducing turbulence in both of these (to be discussed later, as 
shown between Figures 5.57 to 5.59).  
 
Figures 5.30 to 5.32 provide a comparison of the semi-local heat transfer coefficients 
versus average qualities inside helical wire-inserted tubes with different pitches of  
p = 5 mm, p = 7.77 mm and p = 11 mm for refrigerants R22, R134a and R407C at a 
saturation temperature of 40ºC at mass fluxes of 800, 500 and 300 kg/m2s. The 
semi-local heat transfer data shows that, at higher mass fluxes  
(G ≥ 500 kg/m2s), for all three helical wire-inserted tubes, R407C did not have 
increasing slopes when the vapour qualities were greater than 40%. However, at lower 
mass fluxes (G < 500 kg/m2s), for all three helical wire-inserted tubes, R407C did not 
have increasing slopes at vapour qualities greater than 60%. This behaviour might be 
ascribed to the degradation in the heat transfer coefficient with increasing mass flux. 
This degradation was due to the build-up of mass transfer thermal resistance, which was 
brought about by the concentration gradients that were set up by R407C’s three 
constituent components having different liquid densities and therefore also widely 
differing boiling points (Liebenberg, 2003). The data of semi-local heat transfer also 
shows that, at low mass fluxes (G ≤ 500 kg/m2s), for all three helical wire-inserted tubes, 
R22 and R134a had increasing slopes when the vapour qualities were greater than 60%. 
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5.4 Pressure drops 
 
The experimental data and the analyzed results for pressure drops are presented to 
illustrate the effects of mass fluxes, vapour qualities and pitches.  
 
5.4.1 Average pressure drops 
 
Figures 5.33 to 5.35 show the average pressure drops versus mass fluxes for the three 
tested helical wire-inserted tubes. It can be seen that the average pressure drops rose 
along steady gradients as the mass fluxes were increased. Figure 5.36 shows the average 
pressure drop comparison for the three test refrigerants condensing in the  
helical wire-inserted tubes with a pitch of p = 5 mm. It can be observed on the low mass 
fluxes side (300 kg/m2s − 600 kg/m2s) that the pressure drop trends of R22 and R407C 
were very close. This is expected, because at a given temperature, the reduced pressure 
is lower for R134a (pr R134a = 0.253), followed by R22 (pr R22 = 0.312), and then R407C 
(pr R407C = 0.332) (Appendix A: Table A.1). At high values of reduced pressure, the 
liquid and vapour densities become similar, at which point the homogeneous void 
fraction model is applicable, which assumes that the vapour and liquid phases travel at 
the same velocity in the condenser tube. This further implies higher values of vapour 
density and viscosity, and lower values of liquid density and viscosity. In addition, the 
surface tension decreases as the reduced pressure increases and the phases become more 
similar. 
 
However, on the high mass fluxes side (700 kg/m2s − 800 kg/m2s), the pressure drop of 
R22 suddenly increases, while that of R407C drops. The slope of R134a was almost the 
same during the whole range of mass fluxes from 300 kg/m2s − 800 kg/m2s. This is most 
probably produced from the unstable experimental reading, which usually occurred 
either at the maximum mass flux side or the minimum mass flux side. 
 
Figure 5.37 depicts a comparison of the average pressure drops for three test refrigerants 
condensing in the helical wire-inserted tubes with a pitch of p = 7.77 mm. The case was 
much like that in the tubes with a pitch of p = 5 mm. The only difference was the slope of 
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the pressure drop of R22 began to increase at a mass flux of 600 kg/m2s. Figure 5.38 
shows a comparison of the average pressure drops for the three test refrigerants 
condensing in the p = 11 mm helical wire-inserted tubes. The pressure drop trendlines 
expanded uniformly, except at the low mass fluxes region (300 kg/m2s − 
400 kg/m2s) where that of R407C was inexplicably flat. 
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(CH0 refers to first sight glass; CH1 refers to second sight glass; CH2 refers to third sight glass; 
CH3 refers to fourth sight glass; CH4 refers to fifth sight glass; CH5 refers to sixth sight glass. 
Their positions are shown in Figure 3.5.) 
 
Figure 5.1 Flow regime observation while condensing R22 in the helical 
wire-inserted tube with a pitch of 5 mm at mass fluxes of 300, 400 and 500 kg/m2s 
 
 300 kg/m2s 400 kg/m2s 500 kg/m2s 
 
CH0 
               
x (%) 98.37 96.37 95.66 
CH1 
   
x (%) 67.14 63.67 62.64 
 
 
CH2 
 
 
   
x (%) 29.74 26.73 27.01 
 
CH3 
   
x (%) 4.05 4.08 5.91 
 
CH4 
   
x (%) 0 0 0 
CH5 
   
x (%) 0 0 0 
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Figure 5.2 Flow regime observation while condensing R22 in the helical 
wire-inserted tube with a pitch of 5 mm at mass fluxes of 600, 700 and 800 kg/m2s 
 
 600 kg/m2s 700 kg/m2s 800 kg/m2s 
 
CH0 
 
   
x (%) 93.38 92.89 94.78 
CH1 
   
x (%) 59.87 59.08 62.79 
 
 
CH2 
 
    
x (%) 24.95 24.94 31.26 
CH3 
   
x (%) 5.03 5.64 14.04 
CH4 
   
x (%) 0 0 0 
CH5 
   
x (%) 0 0 0 
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 300 kg/m2s 400 kg/m2s 500 kg/m2s 
CH0 
   
x (%) 98.04 98.49 96.01 
CH1 
   
x (%) 56.85 62.34 61.78 
 
 
CH2 
 
    
x (%) 26.80 35.68 35.24 
CH3 
   
x (%) 2.17 6.11 7.81 
CH4 
   
x (%) 0 0 0 
CH5 
   
x (%) 0 0 0 
 
Figure 5.3 Flow regime observation while condensing R134a in the helical 
wire-inserted tube with a pitch of 5 mm at mass fluxes of 300, 400 and 500 kg/m2s 
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 600 kg/m2s 700 kg/m2s 800 kg/m2s 
 
CH0 
 
   
x (%) 93.84 92.35 91.26 
CH1 
   
x (%) 59.46 58.82 58.38 
 
 
CH2 
 
    
x (%) 34.14 35.84 36.31 
CH3 
   
x (%) 7.63 11.42 12.75 
CH4 
   
x (%) 0 0 0 
CH5 
   
x (%) 0 0 0 
 
Figure 5.4 Flow regime observation while condensing R134a in the helical 
wire-inserted tube with a pitch of 5 mm at mass fluxes of 600, 700 and 800 kg/m2s 
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 300 kg/m2s 400 kg/m2s 500 kg/m2s 
CH0 
   
x (%) 99.81 98.16 97.49 
CH1 
   
x (%) 54.94 54.87 54.50 
 
 
CH2 
 
    
x (%) 26.46 27.24 27.51 
CH3 
   
x (%) 1.37 2.92 3.18 
CH4 
   
x (%) 0 0 0 
CH5 
   
x (%) 0 0 0 
 
Figure 5.5 Flow regime observation while condensing R407C in the helical 
wire-inserted tube with a pitch of 5 mm at mass fluxes of 300, 400 and 500 kg/m2s 
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 600 kg/m2s 700 kg/m2s 800 kg/m2s 
 
CH0 
 
   
x (%) 97.22 93.28 93.32 
CH1 
   
x (%) 52.15 51.00 50.73 
 
 
CH2 
 
    
x (%) 26.20 26.63 27.20 
CH3 
   
x (%) 3.19 4.13 5.02 
CH4 
   
x (%) 0 0 0 
CH5 
   
x (%) 0 0 0 
 
Figure 5.6 Flow regime observation while condensing R407C in the helical 
wire-inserted tube with a pitch of 5 mm at mass fluxes of 600, 700 and 800 kg/m2s 
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Figure 5.7 Flow regime observation while condensing R22 in the helical 
wire-inserted tube with a pitch of 7.77 mm at mass fluxes of 300, 400 and  
500 kg/m2s 
 
 300 kg/m2s 400 kg/m2s 500 kg/m2s 
CH0 
   
x (%) 88.43 87.59 85.28 
CH1 
   
x (%) 61.50 57.60 55.84 
 
 
CH2 
 
    
x (%) 36.43 32.05 29.86 
CH3 
   
x (%) 12.59 9.60 8.23 
CH4 
   
x (%) 0 0 0 
CH5 
   
x (%) 0 0 0 
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Figure 5.8 Flow regime observation while condensing R22 in the helical 
wire-inserted tube with a pitch of 7.77 mm at mass fluxes of 600, 700 and  
800 kg/m2s 
 
 600 kg/m2s 700 kg/m2s 800 kg/m2s 
 
CH0 
 
   
x (%) 86.56 86.34 85.50 
CH1 
   
x (%) 55.60 55.79 54.86 
 
 
CH2 
 
    
x (%) 30.19 32.12 31.39 
CH3 
   
x (%) 9.24 12.38 13.35 
CH4 
   
x (%) 0 0 0 
CH5 
   
x (%) 0 0 0 
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 300 kg/m2s 400 kg/m2s 500 kg/m2s 
CH0 
   
x (%) 89.25 86.77 86.43 
CH1 
   
x (%) 63.17 58.70 58.51 
 
 
CH2 
 
    
x (%) 39.85 34.87 35.76 
CH3 
   
x (%) 14.99 10.85 13.27 
CH4 
   
x (%) 0 0 0 
CH5 
   
x (%) 0 0 0 
 
Figure 5.9 Flow regime observation while condensing R134a in the helical 
wire-inserted tube with a pitch of 7.77 mm at mass fluxes of 300, 400 and  
500 kg/m2s 
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 600 kg/m2s 700 kg/m2s 800 kg/m2s 
CH0 
   
x (%) 83.28 81.76 81.07 
CH1 
   
x (%) 53.67 52.13 52.56 
 
 
CH2 
 
    
x (%) 30.59 29.71 31.35 
CH3 
   
x (%) 8.19 8.52 11.28 
CH4 
   
x (%) 0 0 0 
CH5 
   
x (%) 0 0 0 
 
Figure 5.10 Flow regime observation while condensing R134a in the helical 
wire-inserted tube with a pitch of 7.77 mm at mass fluxes of 600, 700 and 
800 kg/m2s 
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 300 kg/m2s 400 kg/m2s 500 kg/m2s 
CH0 
   
x (%) 88.51 89.55 86.44 
CH1 
   
x (%) 59.58 60.03 54.85 
 
 
CH2 
 
    
x (%) 33.71 36.18 30.60 
CH3 
   
x (%) 12.07 14.35 8.65 
CH4 
   
x (%) 0 0 0 
CH5 
   
x (%) 0 0 0 
 
Figure 5.11 Flow regime observation while condensing R407C in the helical 
wire-inserted tube with a pitch of 7.77 mm at mass fluxes of 300, 400 and 
500 kg/m2s 
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Figure 5.12 Flow regime observation while condensing R407C in the helical 
wire-inserted tube with a pitch of 7.77 mm at mass fluxes of 600, 700 and  
800 kg/m2s 
 
 600 kg/m2s 700 kg/m2s 800 kg/m2s 
 
CH0 
 
   
x (%) 85.27 84.74 84.41 
CH1 
   
x (%) 53.30 52.31 52.96 
 
 
CH2 
 
    
x (%) 28.85 28.26 29.79 
CH3 
   
x (%) 7.80 7.14 9.63 
CH4 
   
x (%) 0 0 0 
CH5 
   
x (%) 0 0 0 
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Figure 5.13 Flow regime observation while condensing R22 in the helical 
wire-inserted tube with a pitch of 11 mm at mass fluxes of 300, 400 and 500 kg/m2s 
 
 
 300 kg/m2s 400 kg/m2s 500 kg/m2s 
CH0 
   
x (%) 89.29 90.06 87.83 
CH1 
   
x (%) 62.38 62.39 57.26 
 
 
CH2 
 
    
x (%) 37.33 37.26 30.99 
CH3 
   
x (%) 12.79 13.62 7.38 
CH4 
   
x (%) 0 0 0 
CH5 
   
x (%) 0 0 0 
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Figure 5.14 Flow regime observation while condensing R22 in the helical 
wire-inserted tube with a pitch of 11 mm at mass fluxes of 600, 700 and 800 kg/m2s 
 
 
 600 kg/m2s 700 kg/m2s 800 kg/m2s 
CH0 
   
x (%) 87.56 87.10 85.66 
CH1 
   
x (%) 57.16 56.52 55.15 
 
 
CH2 
 
    
x (%) 32.00 32.16 31.19 
CH3 
   
x (%) 8.93 10.39 10.82 
CH4 
   
x (%) 0 0 0 
CH5 
   
x (%) 0 0 0 
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Figure 5.15 Flow regime observation while condensing R134a in the helical 
wire-inserted tube with a pitch of 11 mm at mass fluxes of 300, 400 and 500 kg/m2s 
 
 
 300 kg/m2s 400 kg/m2s 500 kg/m2s 
CH0 
   
x (%) 90.87 89.19 86.69 
CH1 
   
x (%) 65.22 60.92 57.20 
 
 
CH2 
 
    
x (%) 41.50 36.56 32.99 
CH3 
   
x (%) 16.45 11.78 9.27 
CH4 
   
x (%) 0 0 0 
CH5 
   
x (%) 0 0 0 
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Figure 5.16 Flow regime observation while condensing R134a in the helical 
wire-inserted tube with a pitch of 11 mm at mass fluxes of 600, 700 and 800 kg/m2s 
 
 
 
 600 kg/m2s 700 kg/m2s 800 kg/m2s 
CH0 
   
x (%) 86.55 84.67 82.71 
CH1 
   
x (%) 57.94 55.57 53.59 
 
 
CH2 
 
    
x (%) 35.05 32.81 31.32 
CH3 
   
x (%) 12.50 10.63 9.25 
CH4 
   
x (%) 0 0 0 
CH5 
   
x (%) 0 0 0 
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Figure 5.17 Flow regime observation while condensing R407C in the helical 
wire-inserted tube with a pitch of 11 mm at mass fluxes of 300, 400 and 500 kg/m2s 
 
 
 
 300 kg/m2s 400 kg/m2s 500 kg/m2s 
CH0 
   
x (%) 90.02 90.83 90.90 
CH1 
   
x (%) 60.95 60.66 60.63 
 
 
CH2 
 
    
x (%) 34.93 34.11 35.08 
CH3 
   
x (%) 12.07 11.78 14.01 
CH4 
   
x (%) 0 0 0 
CH5 
   
x (%) 0 0 0 
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Figure 5.18 Flow regime observation while condensing R407C in the helical 
wire-inserted tube with a pitch of 11 mm at mass fluxes of 600, 700 and 800 kg/m2s 
 
 
 600 kg/m2s 700 kg/m2s 800 kg/m2s 
CH0 
   
x (%) 89.96 87.02 86.58 
CH1 
   
x (%) 58.97 54.60 54.65 
 
 
CH2 
 
    
x (%) 33.91 28.67 29.69 
CH3 
   
x (%) 13.63 8.50 10.33 
CH4 
   
x (%) 0 0 0 
CH5 
   
x (%) 0 0 0 
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Figure 5.19 Flow regime observation comparison at 500 kg/m2s in the helical 
wire-inserted tube with a pitch of 5 mm for refrigerants R22, R134a and R407C 
 
 
 R22  R134a  R407C  
CH0 
   
x (%) 95.66 96.01 97.49 
CH1 
   
x (%) 62.64 61.78 54.50 
 
 
CH2 
 
    
x (%) 27.01 35.24 27.51 
 
 
CH3 
   
x (%) 5.91 7.81 3.18 
CH4 
   
x (%) 0 0 0 
CH5 
   
x (%) 0 0 0 
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Figure 5.20 Average heat transfer coefficients in the helical wire-inserted tube with 
a pitch of 5 mm for refrigerants (a) R22, (b) R134a and (c) R407C 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.21 Average heat transfer coefficients in the helical wire-inserted tube with 
a pitch of 7.77 mm for refrigerants (a) R22, (b) R134a and (c) R407C    
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Figure 5.22 Average heat transfer coefficients in the helical wire-inserted tube with 
a pitch of 11 mm for refrigerants (a) R22, (b) R134a and (c) R407C 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.23 Variation of average heat transfer coefficients in the helical 
wire-inserted tube with a pitch of 5 mm for refrigerants R22, R134a and R407C 
 
 
(a) (b) 
(c) 
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Figure 5.24 Variation of average heat transfer coefficients in the helical 
wire-inserted tube with a pitch of 7.77 mm for refrigerants R22, R134a and R407C 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.25 Variation of average heat transfer coefficients in the helical 
wire-inserted tube with a pitch of 11 mm for refrigerants R22, R134a and R407C 
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Figure 5.26 Average heat transfer coefficients in smooth tubes for refrigerants R22, 
R134a and R407C 
 
 
 
(a)                                                                                    (b)
 
 
 
 
 
 
 
 
 
 
 
                               (c)       
 
 
       
 
 
 
 
 
 
 
 
Figure 5.27 Local heat transfer coefficients in the helical wire-inserted tube with a 
pitch of 5 mm for refrigerants (a) R22, (b) R134a and (c) R407C 
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Figure 5.28 Local heat transfer coefficients in the helical wire-inserted tube with a 
pitch of 7.77 mm for refrigerants (a) R22, (b) R134a and (c) R407C 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.29 Local heat transfer coefficients in the helical wire-inserted tube with a 
pitch of 11 mm for refrigerants (a) R22, (b) R134a and (c) R407C 
 
(a) (b) 
(a) (b) 
(c) 
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Figure 5.30 Comparison of the semi-local heat transfer coefficients versus average 
qualities in the helical wire-inserted tube with a pitch of 5 mm for refrigerants R22, 
R134a and R407C at a saturation temperature of 40ºC with mass fluxes of 800, 500 
and 300 kg/m2s 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.31 Comparison of the semi-local heat transfer coefficients versus average 
qualities in the helical wire-inserted tube with a pitch of 7.77 mm for refrigerants 
R22, R134a and R407C at a saturation temperature of 40ºC with mass fluxes of 
800, 500 and 300 kg/m2s 
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Figure 5.32 Comparison of the semi-local heat transfer coefficients versus average 
qualities in the helical wire-inserted tube with a pitch of 11 mm for refrigerants 
R22, R134a and R407C at a saturation temperature of 40ºC with mass fluxes of 
800, 500 and 300 kg/m2s 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.33 Average pressure drops with mass fluxes in the helical wire-inserted 
tube with a pitch of 5 mm at a saturation temperature of 40ºC for refrigerants  
(a) R22, (b) R134a and (c) R407C 
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Figure 5.34 Average pressure drops with mass fluxes in the helical wire-inserted 
tube with a pitch of 7.77 mm at a saturation temperature of 40ºC for refrigerants 
(a) R22, (b) R134a and (c) R407C 
 
 
 
 
 
 
 
 
 
 
Figure 5.35 Average pressure drops with mass fluxes in the helical wire-inserted 
tube with a pitch of 11 mm at a saturation temperature of 40ºC for refrigerants  
(a) R22, (b) R134a and (c) R407C 
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Figure 5.36 Comparison of the average pressure drops with mass fluxes in the 
helical wire-inserted tube with a pitch of 5 mm at a saturation temperature of 40ºC 
for refrigerants R22, R134a and R407C 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.37 Comparison of the average pressure drops with mass fluxes in the 
helical wire-inserted tube with a pitch of 7.77 mm at a saturation temperature of 
40ºC for refrigerants R22, R134a and R407C 
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Figure 5.38 Comparison of the average pressure drops with mass fluxes in the 
helical wire-inserted tube with a pitch of 11 mm at a saturation temperature of 
40ºC for refrigerants R22, R134a and R407C 
 
 
5.4.2 Semi-local pressure gradients 
 
Figures 5.39 − 5.41 show the variation of semi-local pressure gradients with vapour 
qualities in three different helical wire-inserted tubes with pitches of p = 5, 
7.77 and 11 mm and at a saturation temperature of 40ºC. Generally, the semi-local 
pressure gradients significantly increased with an increase in average vapour quality, 
and R134a has the largest pressure gradient, followed by R22 and R407C. This is mainly 
as a result of R134a with a low reduced pressure (as discussed in Section 5.4.1). 
 
For p = 5 mm (Figure 5.39), at the low mass fluxes, the pressure gradient remained 
relatively constant for all three test refrigerants. However, at high vapour qualities, the 
pressure gradients of the high mass fluxes increased and the pressure gradients of the 
low mass fluxes decreased. For p = 7.77 mm and p = 11 mm (Figures 5.40 and 5.41), at 
the low vapour qualities, the pressure gradients remained relatively constant for all three 
refrigerants. However, at vapour qualities greater than 43%, the pressure gradients 
increased slowly or decreased. It is apparent that R134a has the largest pressure 
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gradients followed by R22 and R407C. This further confirms the explanation in 
Section 5.4.1. Combining the visual observation, it could be expected that the flow 
regimes happened to be changing from an intermittent flow to an annular flow at the 
vapour quality of 42% 43%.x ≈ −  
 
Figures 5.42 − 5.44 compare the semi-local pressure gradients versus the average 
qualities in three helical wire-inserted tubes with different pitches of 5, 7.77 and 11 mm, 
for refrigerants R22, R134a and R407C at a saturation temperature  of 40ºC with mass 
fluxes of 800, 500 and 300 kg/m2s. The results show that at low vapour qualities, the 
pressure gradients increased but the trends were very close. At high vapour qualities, for 
high mass fluxes, there were large differences between the pressure gradients. These 
differences became smaller as the mass fluxes decreased. It was also shown that, 
generally, the pitch of the inserted helical wires changed from p = 5 mm to p = 11 mm, 
the semi-local pressure gradients decreased significantly with an increase in average 
vapour quality at high vapour qualities; and that in all the tested mass flux ranges, R134a 
apparently has the largest pressure drop gradient, followed by R22 and R407C, 
depending on their reduced pressure drop. 
 
At the high vapour qualities, the vapour speed was much higher and the liquid film was 
therefore expected to serve as a rough surface for the vapour so that large shear forces 
would be generated. This in turn produced a frictional pressure drop, which would be 
severe when the liquid film became thinner at higher vapour qualities where the fins (the 
wires) were exposed to the vapour; therefore, acting as turbulators or swirling devices. 
On the other hand, the effects on the flow of the vapour as well as the liquid film would 
be less when the pitch increased, which implied a lower fin density. These two factors 
would have a greater effect on the final trend of the pressure gradient. 
 
5.5 Comparison with the results of smooth tubes 
 
The experimental data of smooth tube-in-tube and helical wire-inserted tubes is 
presented in this section. The performance of the helical wire-inserted tube condensers 
is compared and discussed with that of the smooth tube-in-tube regarding three aspects: 
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flow regime, heat transfer coefficient and pressure drop. The smooth tube-in-tube 
condenser is usually used as a basic reference to determine how much the newly adopted 
enhancement method increased the performance of the heat exchanger. 
 
5.5.1 Flow regime observations 
 
Figure 5.45 shows the progression of the flow regimes along the condenser with R22 at 
a mass flux of 300 kg/m2s, for the smooth tube as well as the three helical wire-inserted 
tubes. At the high vapour qualities (i.e. 90%),x    the flow in the helical wire-inserted 
tubes was annular with a stable thin annular liquid film. This flow had a twisting nature, 
which was induced by the helix angle of the helical wires (helical fins). In this regime, 
vapour shear would therefore control the heat transfer. The wires were very effective at 
mixing the liquid-vapour interface due to their exposure to the interface. Meanwhile, 
surface tension drainage was expected to have a large effect in the region of the high 
vapour qualities. 
 
As the condensation process progressed, refrigerant liquid could be seen to accumulate 
at the bottom surface of the condenser tube. However, different to the smooth tube 
counterpart at the same vapour quality, the helical wire-inserted tubes produced very 
prominent secondary twisting flows. The observation also showed that all the liquid did 
not accumulate in a pool as it did in the smooth tubes. Rather, the wire helixes carried 
some liquid to the top of the tube and held it there by vortex energy of the flow. The 
liquid was therefore redistributed around the circumference, and this changed the flow 
pattern from an intermittent flow regime to the annular flow regime, thus further 
enhancing the heat transfer.  
 
At the low vapour qualities (i.e. 4% 15%),x −   elongated slugs formed and eventually 
very prominent liquid waves were formed. The slug frequency, slug size, wave 
amplitude and wave frequency were apparently stochastic in nature. The refrigerant 
eventually became sub-cooled liquid under the action of the dominating gravity force, 
but without the appearance of occasional bubbles, which were seen in the case of smooth 
tubes.  
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The inserted helical wires apparently delayed the transition from annular flow to 
intermittent flow (by approximately 10% 15%).x −  This process produced the 
enhancement of the heat transfer compared to the smooth tube counterpart.  
 
Figures 5.46 and 5.47 show the progression of flow regimes for R22 at mass fluxes of 
500 kg/m2s and 800 kg/m2s, for the smooth tube and the three helical wire-inserted tubes. 
They can be seen to be similar to those at 300 kg/m2s, with the exception that there was 
no apparent redistribution of the condensed refrigerant liquid to the top of the tube. 
Furthermore, the annular flow regime progressed to the intermittent flow regime at 
lower vapour qualities (respectively 55% for 500 kg/m2s and 50% for 800 kg/m2s) than 
was the case for the flow at 300 kg/m2s (60%). Stratified waves formed at very low 
vapour qualities, after which the flow became fully condensed, but with the appearance 
of the occasional elongated and highly twisting bubbles. 
 
Compared with the smooth tube counterpart, it is apparent that the condensation process 
in the helical wire-inserted tubes ‘stretched out’ with a much great portion subjected to 
annular and intermittent flow. It was also clear that as the mass flux increased, the size of 
the swirling-elongated bubbles or turbulent eddies diminished. Smaller eddies are 
known to transfer momentum with more efficiency than larger eddies, thus further 
enhancing the heat transfer compared to the case of the smooth tube counterpart.  
 
Figures 5.48 to 5.53 show the flow regime patterns for R134a and R407C at the typical 
representative mass fluxes of 300, 500 and 800 kg/m2s, compared to the smooth tube 
and the three helical wire-inserted tubes. The results can be seen to be similar to those of 
R22 at 300, 500 and 800 kg/m2s, which were analyzed previously. 
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Figure 5.39 Semi-local pressure gradients with vapour qualities in the helical 
wire-inserted tube with a pitch of 5 mm at a saturation temperature of 40ºC for 
refrigerants (a) R22, (b) R134a and (c) R407C 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.40 Semi-local pressure gradients with vapour qualities in the helical 
wire-inserted tube with a pitch of 7.77 mm at a saturation temperature of 40ºC for 
refrigerants (a) R22, (b) R134a and (c) R407C 
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Figure 5.41 Semi-local pressure gradients with vapour qualities in the helical 
wire-inserted tube with a pitch of 11 mm at a saturation temperature of 40ºC for 
refrigerants (a) R22, (b) R134a and (c) R407C 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.42 Comparison of the semi-local pressure gradients versus average 
qualities in the helical wire-inserted tube with a pitch of 5 mm for refrigerants R22, 
R134a and R407C at a saturation temperature of 40ºC with mass fluxes of 800, 500 
and 300 kg/m2s 
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Figure 5.43 Comparison of the semi-local pressure gradients versus average 
qualities in the helical wire-inserted tube with a pitch of 7.77 mm for refrigerants 
R22, R134a and R407C at a saturation temperature of 40ºC with mass fluxes of 
800, 500 and 300 kg/m2s 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.44 Comparison of the semi-local pressure gradients versus average 
qualities in the helical wire-inserted tube with a pitch of 11 mm for refrigerants 
R22, R134a and R407C at a saturation temperature of 40ºC with mass fluxes of 
800, 500 and 300 kg/m2s 
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Figure 5.45 Flow regime observation comparison of condensing R22 at 300 kg/m2s 
in a smooth tube and helical wire-inserted tubes with varying pitches  
(p  = 5, 7.77 and 11 mm) 
 
R22 Smooth P = 5 mm  P = 7.77 mm   P = 11 mm 
CH0 
    
x (%) 96.80 98.37 88.43 89.29 
CH1 
    
x (%) 75.80 67.14 61.50 62.38 
 
 
CH2 
 
     
x (%) 41.40 29.74 36.43 37.33 
CH3 
    
x (%) 13.30 4.05 12.59 12.79 
CH4 
    
x (%) 0.05 0 0 0 
CH5 
    
x (%) 0 0 0 0 
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5.5.2 Average heat transfer coefficients 
 
Figures 5.54 − 5.56 show a comparison of the average heat transfer coefficient for R22, 
R134a and R407C respectively, in the smooth tube and the helical wire-inserted tubes 
with varying pitches. Generally, in both conditions, the average heat transfer coefficients 
increased along a steady gradient, as the mass fluxes rose. For the three test refrigerants, 
the enhanced method with the helical wire-inserted tubes increased the heat transfer 
coefficient by almost the same magnitude. The only exception was that in the condition 
of p = 5 mm for R22, the heat transfer increment was higher than the other two  
(Figure 5.54). An interesting trend difference between the helical wire-inserted tubes 
and the smooth tube could be seen at higher mass fluxes. For the helical wire-inserted 
tubes, the heat transfer coefficients increased (with an almost fixed slope) with increases 
in mass fluxes, for the entire range of mass fluxes. This was also the case for the smooth 
tube at the lower mass fluxes. However, at the higher mass fluxes 2( 600 kg/m s),G ≥  the 
heat transfer coefficients increased slowly (the slope of the heat transfer coefficient 
curve decreased) when the mass fluxes increased. Thus, at higher mass fluxes, the 
inserted wires continuously induced the turbulence of the flow, but the heat transfer 
weakened in the smooth tube condition. 
 
5.5.3 Local heat transfer coefficients 
 
Figures 5.57 − 5.59 show a comparison of the local heat transfer coefficients of R22, 
R134a and R407C respectively, in the smooth tube and the helical wire-inserted tubes 
with a pitch of p = 5 mm at typical mass fluxes of 300, 500 and 800 kg/m2s. 
 
It can be seen that in both conditions, generally, the local heat transfer coefficients 
increased as the mass fluxes rose. For three refrigerants at constant mass fluxes, the heat 
transfer coefficients increased as the vapour qualities increased. The apparent difference 
between their trend curves was that the local heat transfer of the helical wire-inserted 
tube kept increasing at higher vapour qualities (x ≥ 60%). However, at lower vapour 
qualities, its heat transfer mechanism was the same as for the entire range of a smooth 
tube, and the heat transfer coefficients were moderately increased as the vapour qualities 
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rose. At this stage, only vapour shear force was important since the inserted wires were 
flooded by the condensed refrigerant liquid, so that little or no wire surface (now acting 
as fins) was exposed to the vapour flow. There was no effect on the turbulence or mixing 
eddies of the vapour flow.  
 
For the cases of condensation in helical wire-inserted tubes with different pitches of  
p = 7.77 mm and p = 11 mm, similar results were obtained compared with the smooth 
tube counterpart. 
 
5.5.4 Average pressure drops 
 
Figures 5.60 − 5.62 show a comparison of the average pressure drop for R22, R134a and 
R407C respectively, in the smooth tube and the helical wire-inserted tubes with varying 
pitches. Generally, it was apparent that the helical wire inserts increased the average 
pressure drops compared to their smooth tube counterparts. In both cases, the average 
pressure drops increased along a steady gradient as the mass fluxes rose. For the three 
test refrigerants, the heat transfer enhanced methods with the helical wire inserts not 
only increased the heat transfer coefficients, but also caused greater pressure drops as 
the mass fluxes increased. The trends of average pressure drop crossed or merged with 
each other, implying that, first, the pressure measurement was sensitive to the 
experimental condition and second, that no clear results emanated for varying pitches. 
This further substantiates the complicated mechanism of the pressure drop in the helical 
wire-inserted tubes. However, an interesting trend difference between the helical 
wire-inserted tubes and the smooth tubes could also be observed at higher mass fluxes. 
For the smooth tubes, the average pressure drops increased (with an almost fixed slope) 
with an increase in mass fluxes, for the entire range of mass fluxes. This was also the 
case for the helical wire-inserted tubes at the lower mass fluxes, but at the higher mass 
fluxes (G ≥ 600 kg/m2s), average pressure drops increased quickly (the slopes of the 
average pressure drop curves increased) when the mass fluxes rose. This meant that at 
higher mass fluxes, the inserted wires had a much greater effect on the turbulence of the 
flow. 
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5.5.5 Semi-local pressure drops 
 
Figures 5.63 − 5.65 show a comparison of the semi-local pressure drop of R22, R134a 
and R407C respectively, in the smooth tube and the helical wire-inserted tubes with 
pitches of p = 5 mm at typical mass fluxes of 300, 500 and 2800 kg/m s.  
 
For condensing in the smooth tube, the overall trends for the three refrigerants were that 
the pressure gradients increased with an increase in vapour quality. This was especially 
apparent for the higher mass flux regions where there was a sharp increase in pressure 
gradient with quality ranging from 15% − 50%. However, at vapour qualities greater 
than 50%, the pressure gradient increased at a slower rate than that of other quality 
regions. These phenomena could be explained as follows. 
 
In the condensing two-phase zone, as the average vapour quality increased, the liquid 
film thickness during annular flow decreased and the vapour core velocity increased. 
This generated high shear forces with the surface of the liquid film, and thus a resultant 
high pressure gradient at the mid-vapour qualities. At higher vapour qualities, where the 
liquid film thickness was very small, the shear forces decreased, and thus a lower 
pressure gradient was generated. At the lower qualities, where the vapour and liquid 
Reynolds numbers were similar, the flow was intermittent and stratified-wavy, and the 
pressure gradients were low. Thus, at low qualities the friction was gravity controlled 
and not shear force controlled.  
 
It can be seen that in both conditions, generally, semi-local pressure drops increased as 
the mass fluxes rose. For three refrigerants at constant higher mass fluxes, the semi-local 
pressure gradients increased as the vapour qualities increased. It was apparent that the 
pressure gradients produced in the helical wire-inserted tubes were generally higher than 
those produced in the smooth tube counterparts.  
 
At lower vapour qualities, the pressure gradients were increased moderately as the 
vapour qualities rose. The vapour shear force was important since the inserted wires 
were flooded by the condensed refrigerant liquid at this stage. Thus, little or no wire 
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surface (acting as fins) was exposed to the vapour flow. There was no effect on the 
turbulence or mixing eddies of the vapour flow.  
 
However, for the higher mass fluxes, at high vapour qualities, the pressure gradients 
kept increasing for the cases of helical wire-inserted tubes with a pitch of p = 5 mm. For 
the cases of condensation in helical wire-inserted tubes with different pitches of  
p = 7.77 mm and p = 11 mm, there were similar results obtained compared with the 
smooth tube counterpart. The exceptions were that, at higher qualities, where the 
pressure gradients had a low rate of increase, the pitch of the helical wire-inserted tubes 
became large, thus decreasing the effect on the flow friction. 
 
5.6 Heat transfer enhancement factors (EFs), pressure drop factors (PFs) and 
overall efficiency ratios (OEs) 
 
This section presents and discusses the heat transfer enhancement factors (EFs), the 
pressure drop factors (PFs) and the final overall efficiency rates (OEs), which generally 
indicate the benefits of the enhancement methods. 
 
5.6.1 Average heat transfer enhancement factors (EFs) 
 
The heat transfer enhancement factors indicate the heat transfer performance increment 
of the helical wire-inserted tubes relative to heat transfer performance of the smooth 
tubes. The EF could be plotted as a function of vapour quality (x) or mass flux (G). This 
was discussed in Section 2.4 and was expressed as: 
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The first term to the right of the above equation defined the area enhancement ratio (AH), 
(Equation 2-4): 
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The area increment of the helical wire-inserted tubes was: 
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+ += = = +                                                                        (5-1) 
 
where l was the length of the inserted wire and L was the length of the tube. 
 
[ ]22 ( )i cL Ll s n s p d dp pπ= ⋅ = ⋅ = + − ⋅Q                                                              (5-2) 
 
∴ Equation (5-1) was expressed as: 
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Therefore, for different pitches of p = 5, 7.77 and 11 mm, their area enhanced factors 
were AHe = =e
s
A
A
1.30,1.20 and 1.15 respectively. 
 
Figures 5.66 to 5.68 show the heat transfer enhancement factors (EFs) for three test 
refrigerants at varying pitches of helical wire-inserted tubes. It is apparent that, 
generally, the inserted helical wires enhanced the heat transfer by 1.62 − 2.65 times the 
smooth tube counterpart. Furthermore, in the same pitch of the inserted tubes, almost the 
same EFs were achieved at certain mass fluxes. 
 
For R22 and R407C in the pitch of p = 5 mm helical wire-inserted tubes, there were 
higher EFs than in the tubes of p = 7.77 mm and p = 11 mm. For R134a, the curves of the 
EFs merged in the middle of the mass fluxes. However, at lower and higher mass fluxes, 
there was little difference between the EFs. This was caused by the data in smooth tubes.   
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5.6.2 Average pressure drop factors (PFs) 
 
The average pressure drop penalty factor (PF) was expressed in Equation (2-9) as: 
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The calculated average pressure drop penalty factors (PFs) were plotted as the functions 
of the mass fluxes in Figures 5.69 − 5.71. It can be seen that the inserted helical wires 
caused a worst-case pressure drop penalty of 1.93 − 4.77 (on average) compared to the 
smooth tube counterpart. 
 
From these charts, it can be seen that there were fluctuating pressure drop penalties as 
the mass fluxes increased. This is caused by the smooth tube data, which should be 
selected carefully. The smooth tube data is sensitive because it is a very basic reference 
to be adopted for all the compared results. 
  
5.6.3 Semi-local heat transfer enhancement factors (EFs) 
 
The semi-local heat transfer enhancement factors depict the sectional heat transfer 
increment of the helical wire-inserted tubes relative to that of the same length sectional 
smooth tubes. This was plotted as the function of vapour quality (x) at certain mass 
fluxes (G). There are only three trend curves plotted (in Figures 5.72 to 5.80) at typical 
mass fluxes of 300, 500 and 800 kg/m2s, since they represent the trend in the low, 
middle and high regions of the mass fluxes.  
                                                                             
The area enhancement calculation, Equation (5-3), was also applied to the sectional 
semi-local EFs calculation. Therefore, 1.30, 1.20 and 1.15 were worked into the EFs 
calculation for different pitches of p = 5, 7.77 and 11 mm respectively. Thus, all the EF 
values less than the AH (area enhancement) implied that the heat transfer coefficients of 
the helical wire-inserted tubes based on the surface area would be less than that of the 
smooth tubes. Conversely, an EF greater than the AH suggested that the enhancement 
 106
caused by the helical wire fin surface was due to more than just the surface area increase 
over the smooth surface with the same cross-sectional flow area. 
 
Generally, the heat transfer enhancement factor (EF) decreased with an increase in mass 
flux. This trend indicates that the smooth tube heat transfer coefficient was increasing at 
a faster rate than the heat transfer coefficient for helical wire-inserted tubes as the mass 
flux increased. Smaller eddies transfer momentum more efficiently than larger eddies. 
Low mass fluxes (corresponding to mass flux of G = 300 kg/m2s) might therefore be 
enhanced more readily than higher mass fluxes (corresponding to mass fluxes of  
G = 500 kg/m2s and 2800 kg/m s)  due to the reduction in size of the turbulent eddies at 
the wall by the interaction of the flow with the helical wires (fins). Higher mass fluxes 
were not enhanced as readily as lower mass fluxes, since there were fewer large eddies 
to be reduced at the higher Reynolds numbers. 
 
The main mechanism of heat transfer for the lower mass fluxes flow was the conduction 
through the liquid film at the top of the tube since wavy (stratified) flow prevailed over 
almost the entire vapour quality range. The top liquid film was quite thin, so that the 
presence of helical wires (fins) reduced the thickness of the film considerably, which 
also considerably reduced the film conduction resistance. Therefore, a large 
enhancement factor was obtained under the low mass fluxes condition. 
 
At very high vapour qualities ( 60%),x ≥  very thin liquid films on the tube surface were 
expected. The helical wire fins might therefore be very effective in mixing the 
liquid-vapour interface due to their proximity to the vapour-liquid interface. In addition, 
the surface-tension drainage forces on the helical wires (fins) also possibly caused the 
heat transfer enhancement at these very high vapour qualities. 
 
The whole process of the condensation in the helical wire-inserted tubes could be 
described as one in which the flow regimes changed from stratified-wavy and 
intermittent flow to annular flow, when the vapour qualities increased. In the annular 
flow regime, the thickness of the annular film was initially larger compared to the wire 
(fin) height, which reduced the relative effect of the helical wires (fins), thus reducing 
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the enhancement factors. As the vapour qualities increased further, the thickness of the 
condensing film was reduced sufficiently so that the wire ‘fin-effect’ again became 
important (relative to the conduction effect of the condensing film thickness). This 
produced the relatively higher enhancement factors at the higher vapour qualities.  
 
5.6.4 Semi-local pressure drop penalty factors (PFs) 
 
The semi-local pressure drop penalty factor (PF) was calculated as the ratio of the 
sectional pressure drop gradient in the helical wire-inserted tube relative to that of the 
smooth tube counterpart. It could be expressed as: 
 
es
es
s s
ss
P
LPF P
L
Δ⎛ ⎞⎜ ⎟= ⎜ ⎟Δ⎜ ⎟⎝ ⎠
                                                                                                        (5-4) 
 
The calculated PFs are plotted as a function of the vapour qualities (x) of three test 
refrigerants (R22, R134a and R407C) condensing in the varying pitches of p = 5,  
7.77 and 11 mm at typical mass fluxes of G = 300, 500 and 800 kg/m2s. These results are 
shown from Figures 5.81 to 5.89. It is apparent that the penalty factors (PFs) had a high 
dependence on vapour qualities and mass fluxes. Therefore, these charts of PFs depicted 
very complex characteristics of the semi-local PFs. 
 
For example, Figure 5.89 shows that some PF values at a mass flux of 800 kg/m2s fall 
within the PF region between 300 kg/m2s and 500 kg/m2s. As indicated from Figures 
5.81 to 5.89, the scattered experimental points of the semi-local PF, are caused possibly 
by different tube lengths between the helical wire-inserted tubes and the smooth tubes. 
This different tube length produces a markedly different experimental condition at a 
semi-local experimental level, especially affecting sensitive pressure measurement.      
 
5.6.5 Overall efficiency ratios (OE = EF / PF) 
 
An overall efficiency (OE) is defined as the total efficiency parameter, which was 
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constructed so as to investigate the relative performance of the heat transfer 
enhancements to the pressure drop penalty factors. The overall efficiency was expressed 
as: 
 
EFOE
PF
=                                                                                                                     (5-5) 
 
It could be plotted as the functions of the mass fluxes or average vapour qualities. The 
overall efficiencies of three test refrigerants (R22, R134a and R407C) condensing in the 
tubes with varying pitches of p = 5 mm, p = 7.77 mm and p = 11 mm are shown in 
Figures 5.90 − 5.92. Generally, it is apparent that the helical wire-inserted tubes with 
pitch of p = 5 mm have the highest overall efficiency compared to the other two 
structural cases with pitches of p = 7.77 mm and p = 11 mm.  
 
The average heat transfer enhancement factors, the average pressure drop penalty 
factors and the overall efficiencies are summarized in Table 5.1. It can clearly be seen 
that p5 (p = 5 mm) helical wire-inserted tubes increased the heat transfer coefficients at 
the low mass flux (corresponding to G = 300 kg/m2s), EF = 2.26, and produced the 
pressure drop penalty PF = 3.74 times. For the high mass flux (corresponding to  
G = 800 kg/m2s), p5 helical wire-inserted tubes enhanced the heat transfer coefficients 
EF = 1.98 and caused the pressure drop penalty PF = 3.27. Thus, overall, the p5 
structure produced a total average overall efficiency of OE = 0.61.  
 
P7 (p = 7.77 mm) helical wire-inserted tubes increased the heat transfer coefficients  
EF = 1.95 times at the low mass flux (corresponding to G = 300 kg/m2s) and caused the 
pressure drop penalty PF = 4.52. On the other side, it increased the heat transfer 
coefficients at the high mass flux (corresponding to G = 800 kg/m2s), EF = 1.80 times 
and caused the pressure drop penalty PF = 3.87. Therefore, the p7 structure produced a 
total average overall efficiency of OE = 0.45.  
 
P11 (p = 11 mm) helical wire-inserted tubes increased the heat transfer coefficients  
EF = 1.80 at the low mass flux (corresponding to G = 300 kg/m2s) and caused the 
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G
(kg/m2s) R22 R134a R407C Ave R22 R134a R407C Ave R22 R134a R407C Ave
300 1.91 2.65 2.23 2.26 2.78 4.20 4.25 3.74 0.68 0.63 0.53 0.61
400 2.08 2.13 2.20 2.14 3.30 3.82 4.27 3.80 0.63 0.56 0.51 0.57
500 1.98 1.97 2.07 2.00 2.33 3.87 3.85 3.35 0.85 0.51 0.54 0.63
600 1.94 1.89 1.91 1.91 2.86 3.27 3.09 3.07 0.68 0.58 0.62 0.62
700 1.99 2.03 2.02 2.02 3.22 3.22 3.44 3.30 0.62 0.63 0.59 0.61
800 2.11 1.90 1.94 1.98 3.54 3.37 2.90 3.27 0.60 0.57 0.67 0.61
Ave 2.00 2.10 2.06 2.05 3.01 3.62 3.63 3.42 0.68 0.58 0.58 0.61
300 1.76 2.29 1.79 1.95 3.55 4.77 5.26 4.52 0.50 0.48 0.34 0.44
400 1.70 1.96 1.95 1.87 3.82 3.93 5.18 4.31 0.44 0.50 0.38 0.44
500 1.74 1.85 1.88 1.82 3.61 3.95 4.53 4.03 0.48 0.47 0.41 0.45
600 1.58 1.68 1.79 1.68 3.34 3.43 4.31 3.70 0.47 0.49 0.41 0.46
700 1.64 1.73 1.80 1.73 3.70 3.41 4.17 3.76 0.44 0.51 0.43 0.46
800 1.68 1.69 1.80 1.73 3.83 3.69 4.10 3.87 0.44 0.46 0.44 0.45
Ave 1.68 1.87 1.83 1.80 3.64 3.86 4.59 4.03 0.46 0.48 0.40 0.45
300 1.73 2.05 1.62 1.80 3.75 4.20 6.28 4.74 0.46 0.49 0.26 0.40
400 1.62 1.76 1.69 1.69 3.79 3.15 3.81 3.58 0.43 0.56 0.44 0.48
500 1.63 1.72 1.58 1.64 3.36 3.42 3.07 3.29 0.48 0.50 0.51 0.50
600 1.58 1.68 1.60 1.62 3.18 3.29 3.31 3.26 0.50 0.51 0.48 0.50
700 1.63 1.72 1.69 1.68 3.46 3.20 3.13 3.26 0.47 0.54 0.54 0.52
800 1.61 1.66 1.67 1.65 3.34 3.34 3.26 3.31 0.48 0.50 0.51 0.50
Ave 1.63 1.76 1.64 1.68 3.48 3.43 3.81 3.57 0.47 0.52 0.46 0.48
OE
p5
p7
p11
Pitch
EF PF
pressure drop penalty PF = 4.74. On the other side, p11 helical wire-inserted tubes 
increased the heat transfer coefficients at the high mass flux (corresponding to  
G = 800 kg/m2s), EF = 1.65, and caused the pressure drop penalty PF = 3.31. Thus, the 
p11 structure produced a total average overall efficiency of OE = 0.48. 
By analyzing the above comparisons, it is calculated that the p5 helical wire-inserted 
tubes produced both the highest EF and OE.  
 
Figures 5.94 to 5.101 show the sectional overall efficiencies of the three test refrigerants 
with a certain pitch helical wire-inserted tube at typical representative mass fluxes. 
These charts showed quite complex trends of OEs due to their complex pressure drop 
factor (PF) trends.  
 
Table 5.1 Average heat transfer enhancement (EF), pressure drop factor (PF) 
and overall efficiency (OE) for helical wire-inserted tubes 
 
The p5, p7 and p11 denote a pitch of p = 5 mm, p = 7.77 mm and p = 11 mm respectively. 
Ave: average. 
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Figure 5.46 Flow regime observation comparison of condensing R22 at 500 kg/m2s 
in a smooth tube and helical wire-inserted tubes with varying pitches  
  
 
R22 Smooth P = 5 mm  P = 7.77 mm   P = 11 mm 
CH0 
 
  
x (%) 97.10 95.66 85.28 87.83 
CH1 
 
   
x (%) 76.50 62.64 55.84 57.26 
 
 
CH2 
 
 
 
   
x (%) 42.90 27.01 29.86 30.99 
 
CH3 
 
  
x (%) 15.50 5.91 8.23 7.38 
CH4 
 
  
x (%) 6.00 0 0 0 
CH5 
   
x (%) 0 0 0 0 
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Figure 5.47 Flow regime observation comparison of condensing R22 at 800 kg/m2s 
in a smooth tube and helical wire-inserted tubes with varying pitches  
  
 
R22 Smooth P = 5 mm  P = 7.77 mm   P = 11 mm 
CH0 
    
x (%) 98.60 94.78 85.50 85.66 
CH1 
   
x (%) 82.70 62.79 54.86 55.15 
 
 
CH2 
 
    
x (%) 55.00 31.26 31.39 31.19 
CH3 
   
x (%) 31.50 14.04 13.35 10.82 
CH4 
   
x (%) 12.60 0 0 0 
CH5 
    
x (%) 0 0 0 0 
 112
 
 
Figure 5.48 Flow regime observation comparison of condensing R134a in a smooth 
tube and helical wire-inserted tubes with varying pitches at 300 kg/m2s 
  
 
R134a Smooth P = 5 mm  P = 7.77 mm   P = 11 mm 
CH0 
   
x (%) 95.00 98.04 89.25 90.87 
CH1 
   
x (%) 76.00 56.85 63.17 65.22 
 
 
CH2 
 
     
x (%) 46.00 26.80 39.85 41.50 
CH3 
    
x (%) 21.00 2.17 14.99 16.45 
CH4 
    
x (%) 5.00 0 0 0 
CH5 
    
x (%) 3.00 0 0 0 
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Figure 5.49 Flow regime observation comparison of condensing R134a in a smooth 
tube and helical wire-inserted tubes with varying pitches at 500 kg/m2s 
 
 
R134a Smooth P = 5 mm  P = 7.77 mm   P = 11 mm 
 CH0 
    
x (%) 96.20 96.01 86.43 86.69 
CH1 
   
x (%) 76.50 61.78 58.51 57.20 
 
 
CH2 
 
     
x (%) 45.90 35.24 35.76 32.99 
CH3 
   
x (%) 20.90 7.81 13.27 9.27 
CH4 
    
x (%) 5.40 0 0 0 
CH5 
   
x (%) 0 0 0 0 
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Figure 5.50 Flow regime observation comparison of condensing R134a in a smooth 
tube and helical wire-inserted tubes with varying pitches at 800 kg/m2s 
  
 
 
R134a Smooth P = 5 mm  P = 7.77 mm   P = 11 mm 
CH0 
   
x (%) 94.90 91.26 81.07 82.71 
CH1 
   
x (%) 74.90 58.38 52.56 53.59 
 
 
CH2 
 
    
x (%) 46.60 36.31 31.35 31.32 
CH3 
    
x (%) 23.10 12.75 11.28 9.25 
CH4 
    
x (%) 6.60 0 0 0 
CH5 
    
x (%) 0 0 0 0 
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Figure 5.51 Flow regime observation comparison of condensing R407C in a 
smooth tube and helical wire-inserted tubes with varying pitches at 300 kg/m2s 
  
 
R407C Smooth P = 5 mm  P = 7.77 mm   P = 11 mm 
CH0 
   
x (%) 97.20 99.81 88.51 90.02 
CH1 
    
x (%) 77.20 54.94 59.58 60.95 
 
 
CH2 
 
     
x (%) 45.40 26.46 33.71 34.93 
CH3 
    
x (%) 21.30 1.37 12.07 12.07 
CH4 
   
x (%) 14.00 0 0 0 
CH5 
    
x (%) 6 0 0 0 
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Figure 5.52 Flow regime observation comparison of condensing R407C in a 
smooth tube and helical wire-inserted tubes with varying pitches at 500 kg/m2s 
 
 
R407C Smooth P = 5 mm  P = 7.77 mm   P = 11 mm 
CH0 
    
x (%) 97.40 97.49 86.44 90.90 
CH1 
   
x (%) 78.10 54.50 54.85 60.63 
 
 
CH2 
 
     
x (%) 46.90 27.51 30.60 35.08 
CH3 
    
x (%) 23.60 3.18 8.65 14.01 
CH4 
    
x (%) 7.00 0 0 0 
CH5 
    
x (%) 1.00 0 0 0 
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Figure 5.53 Flow regime observation comparison of condensing R407C in a 
smooth tube and helical wire-inserted tubes with varying pitches at 800 kg/m2s 
 
 
R407C Smooth P = 5 mm  P = 7.77 mm   P = 11 mm 
CH0 
    
x (%) 97.10 93.32 84.41 86.58 
CH1 
    
x (%) 78.80 50.73 52.96 54.65 
 
 
CH2 
 
     
x (%) 50.10 27.20 29.79 29.69 
CH3 
   
x (%) 28.00 5.02 9.63 10.33 
CH4 
    
x (%) 12.10 0 0 0 
CH5 
    
x (%) 7.00 0 0 0 
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Figure 5.54 Average heat transfer coefficient comparison for condensing R22 in a 
smooth tube and helical wire-inserted tubes with varying pitches 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.55 Average heat transfer coefficient comparison for condensing R134a in 
a smooth tube and helical wire-inserted tubes with varying pitches 
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Figure 5.56 Average heat transfer coefficient comparison for condensing R407C in 
a smooth tube and helical wire-inserted tubes with varying pitches 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.57 Local heat transfer coefficient comparison for condensing R22 in a 
smooth tube and a helical wire-inserted tube with a pitch of 5 mm at mass fluxes of 
300, 500 and 800 kg/m2s 
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 Figure 5.58 Local heat transfer coefficient comparison for condensing R134a in a 
smooth tube and a helical wire-inserted tube with a pitch of p = 5 mm at mass 
fluxes of 300, 500 and 800 kg/m2s 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 5.59 Local heat transfer coefficient comparison for condensing R407C in a 
smooth tube and a helical wire-inserted tube with a pitch of p = 5 mm at mass 
fluxes of 300, 500 and 800 kg/m2s 
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Figure 5.60 Average pressure drop comparison for condensing R22 in a smooth 
tube and helical wire-inserted tubes with varying pitches 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.61 Average pressure drop comparison for condensing R134a in a smooth 
tube and helical wire-inserted tubes with varying pitches 
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Figure 5.62 Average pressure drop comparison for condensing R407C in a smooth 
tube and helical wire-inserted tubes with varying pitches 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.63 Semi-local pressure drop comparison for condensing R22 in a smooth 
tube and helical wire-inserted tubes with a pitch of p = 5 mm at mass fluxes of 300, 
500 and 800 kg/m2s 
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Figure 5.64 Semi-local pressure drop comparison for condensing R134a in a 
smooth tube and helical wire-inserted tubes with a pitch of p = 5 mm at mass fluxes 
of 300, 500 and 800 kg/m2s 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 5.65 Semi-local pressure drop comparison for condensing R407C in a 
smooth tube and helical wire-inserted tubes with a pitch of p = 5 mm at mass fluxes 
of 300, 500 and 800 kg/m2s 
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Figure 5.66 Heat transfer enhancement factors (EFs) versus mass fluxes for 
condensing R22 at varying pitches 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.67 Heat transfer enhancement factors (EFs) versus mass fluxes for 
condensing R134a at varying pitches 
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Figure 5.68 Heat transfer enhancement factors (EFs) versus mass fluxes for 
condensing R407C at varying pitches 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.69 Pressure drop penalty factors (PFs) versus mass fluxes for condensing 
R22 at varying pitches 
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Figure 5.70 Pressure drop penalty factors (PFs) versus mass fluxes for condensing 
R134a at varying pitches 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.71 Pressure drop penalty factors (PFs) versus mass fluxes for condensing 
R407C at varying pitches  
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Figure 5.72 Semi-local heat transfer enhancement factors (EFs) versus average 
vapour qualities for condensing R22 in the helical wire-inserted tubes with a pitch 
of 5 mm at mass fluxes of 300, 500 and 800 kg/m2s 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.73 Semi-local heat transfer enhancement factors (EFs) versus average 
vapour qualities for condensing R134a in the helical wire-inserted tubes with a 
pitch of 5 mm at mass fluxes of 300, 500 and 800 kg/m2s 
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Figure 5.74 Semi-local heat transfer enhancement factors (EFs) versus average 
vapour qualities for condensing R407C in the helical wire-inserted tubes with a 
pitch of 5 mm at mass fluxes of 300, 500 and 800 kg/m2s 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.75 Semi-local heat transfer enhancement factors (EFs) versus average 
vapour qualities for condensing R22 in the helical wire-inserted tubes with a pitch 
of 7.77 mm at mass fluxes of 300, 500 and 800 kg/m2s 
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Figure 5.76 Semi-local heat transfer enhancement factors (EFs) versus average 
vapour qualities for condensing R134a in the helical wire-inserted tubes with a 
pitch of 7.77 mm at mass fluxes of 300, 500 and 800 kg/m2s 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.77 Semi-local heat transfer enhancement factors (EFs) versus average 
vapour qualities for condensing R407C in the helical wire-inserted tubes with a 
pitch of 7.77 mm at mass fluxes of 300, 500 and 800 kg/m2s 
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Figure 5.78 Semi-local heat transfer enhancement factors (EFs) versus average 
vapour qualities for condensing R22 in the helical wire-inserted tubes with a pitch 
of 11 mm at mass fluxes of 300, 500 and 800 kg/m2s 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.79 Semi-local heat transfer enhancement factors (EFs) versus average 
vapour qualities for condensing R134a in the helical wire-inserted tubes with a 
pitch of 11 mm at mass fluxes of 300, 500 and 800 kg/m2s 
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Figure 5.80 Semi-local heat transfer enhancement factors (EFs) versus average 
vapour qualities for condensing R407C in the helical wire-inserted tubes with a 
pitch of 11 mm at mass fluxes of 300, 500 and 800 kg/m2s 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.81 Semi-local pressure gradient penalty factors (PFs) versus average 
vapour qualities for condensing R22 in the helical wire-inserted tubes with a pitch 
of 5 mm at mass fluxes of 300, 500 and 800 kg/m2s 
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Figure 5.82 Semi-local pressure gradient penalty factors (PFs) versus average 
vapour qualities for condensing R134a in the helical wire-inserted tubes with a 
pitch of 5 mm at mass fluxes of 300, 500 and 800 kg/m2s 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.83 Semi-local pressure gradient penalty factors (PFs) versus average 
vapour qualities for condensing R407C in the helical wire-inserted tubes with a 
pitch of 5 mm at mass fluxes of 300, 500 and 800 kg/m2s 
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Figure 5.84 Semi-local pressure gradient penalty factors (PFs) versus average 
vapour qualities for condensing R22 in the helical wire-inserted tubes with a pitch 
of 7.77 mm at mass fluxes of 300, 500 and 800 kg/m2s 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.85 Semi-local pressure gradient penalty factors (PFs) versus average 
vapour qualities for condensing R134a in the helical wire-inserted tubes with a 
pitch of 7.77 mm at mass fluxes of 300, 500 and 800 kg/m2s 
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Figure 5.86 Semi-local pressure gradient penalty factors (PFs) versus average 
vapour qualities for condensing R407C in the helical wire-inserted tubes with a 
pitch of 7.77 mm at mass fluxes of 300, 500 and 800 kg/m2s 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.87 Semi-local pressure gradient penalty factors (PFs) versus average 
vapour qualities for condensing R22 in the helical wire-inserted tubes with a pitch 
of 7.77 mm at mass fluxes of 300, 500 and 800 kg/m2s 
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Figure 5.88 Semi-local pressure gradient penalty factors (PFs) versus average 
vapour qualities for condensing R134a in the helical wire-inserted tubes with a 
pitch of 11 mm at mass fluxes of 300, 500 and 800 kg/m2s 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.89 Semi-local pressure gradient penalty factors (PFs) versus average 
vapour qualities for condensing R407C in the helical wire-inserted tubes with a 
pitch of 11 mm at mass fluxes of 300, 500 and 800 kg/m2s 
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Figure 5.90 Overall efficiencies (EF / PF) versus mass fluxes for condensing R22 at 
varying pitches 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.91 Overall efficiencies (EF / PF) versus mass fluxes for condensing R134a 
at varying pitches 
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Figure 5.92 Overall efficiencies (EF / PF) versus mass fluxes for condensing R407C 
at varying pitches  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.93 Overall efficiencies (EF / PF) versus average vapour qualities for 
condensing R22 in the helical wire-inserted tubes with a pitch of 5 mm at mass 
fluxes of 300, 500 and 800 kg/m2s 
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Figure 5.94 Overall efficiencies (EF / PF) versus average vapour qualities for 
condensing R134a in the helical wire-inserted tubes with a pitch of 5 mm at mass 
fluxes of 300, 500 and 800 kg/m2s 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.95 Overall efficiencies (EF / PF) versus average vapour qualities for 
condensing R407C in the helical wire-inserted tubes with a pitch of 5 mm at mass 
fluxes of 300, 500 and 800 kg/m2s 
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Figure 5.96 Overall efficiencies (EF / PF) versus average vapour qualities for 
condensing R22 in the helical wire-inserted tubes with a pitch of 7.77 mm at mass 
fluxes of 300, 500 and 800 kg/m2s 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.97 Overall efficiencies (EF / PF) versus average vapour qualities for 
condensing R134a in the helical wire-inserted tubes with a pitch of 7.77 mm at 
mass fluxes of 300, 500 and 800 kg/m2s 
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Figure 5.98 Overall efficiencies (EF / PF) versus average vapour qualities for 
condensing R407C in the helical wire-inserted tubes with a pitch of 7.77 mm at 
mass fluxes of 300, 500 and 800 kg/m2s 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.99 Overall efficiencies (EF / PF) versus average vapour qualities for 
condensing R22 in the helical wire-inserted tubes with a pitch of 11 mm at mass 
fluxes of 300, 500 and 800 kg/m2s 
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Figure 5.100 Overall efficiencies (EF / PF) versus average vapour qualities for 
condensing R134a in the helical wire-inserted tubes with a pitch of 11 mm at mass 
fluxes of 300, 500 and 800 kg/m2s 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.101 Overall efficiencies (EF / PF) versus average vapour qualities for 
condensing R407C in the helical wire-inserted tubes with a pitch of 11 mm at mass 
fluxes of 300, 500 and 800 kg/m2s 
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5.7 Comparison with the results of micro-fin tubes 
 
This section introduces and discusses a comparison of the experimental results between 
the helical wire-inserted tubes and helical micro-fin tubes. The micro-fin tube results 
were experimentally obtained by Bukasa (2002) and Liebenberg (2003). Comparisons 
of the flow regimes, heat transfer coefficients and pressure drops are presented and 
discussed.  
 
5.7.1 Flow regimes  
 
Figure 5.102 shows the progression of the flow regimes of R22 at a mass flux of 
2300 kg/m s,  for the micro-fin tube with a helix angle of 18º and the three helical 
wire-inserted tubes. It can be seen that the condensing processes were generally quite 
similar. At the high vapour qualities (i.e. 90%),x =  the flows in the helical wire-inserted 
tubes and in the micro-fin tube with a helix angle of 18º are annular with a stable thin 
annular refrigerant liquid film. In both cases, the flows have a twisting nature, which is 
caused by the helix angle of helical wires or helical fins. In this regime, vapour shear 
would therefore control the heat transfer. The fins (wires or micro-fins) are very 
effective at mixing the liquid-vapour interface due to their exposure to the liquid-vapour 
interface. Meanwhile, surface tension drainage was expected to have a great effect in the 
region of the high vapour qualities. 
 
As the condensation process progressed, refrigerant liquid could be seen to accumulate 
at the bottom surface of the condenser tubes. Both of the helical wires and helical 
micro-fins produce very prominent secondary twisting flows. The ripples caused by the 
helical wires were rougher than those of the micro-fins. The observations also show that 
the wire and micro-fin helixes carried some liquid to the top of the tubes and held it there 
by vortex energy of the flow. The liquid is therefore redistributed around the 
circumference, and this changes the flow pattern from the intermittent flow regime to an 
effective annular flow regime, thus further enhancing the heat transfer in both cases. 
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At the low vapour qualities (i.e. 4% 15%),x −  elongated slugs form and eventually, 
very prominent liquid waves are formed. The slug frequency, slug size, wave amplitude 
and wave frequency are apparently stochastic in nature. The refrigerant eventually 
became sub-cooled liquid under the action of the dominating gravity force, but the slugs 
or plugs produced by the helical wires are bigger than those produced by the micro-fins. 
 
The inserted helical wires apparently delay the transition from an annular flow to an 
intermittent flow by approximately 10% 15%x −  and the micro-fins delay the 
transition from an annular flow to an intermittent flow by approximately 
15% 20%.x −   This process produced the slightly higher enhancement of the heat 
transfer of micro-fins compared to that of the helical wires.  
 
Figures 5.103 and 5.104 show the progression of flow regimes of condensing R22 at 
mass fluxes of 500 kg/m2s and 800 kg/m2s, for the micro-fin tube with a helix angle of 
18º and the three helical wire-inserted tubes. They can be seen to be similar to those at a 
mass flux of 300 kg/m2s. For helical wire-inserted tubes, the annular flow regime 
progressed to the intermittent flow regime at lower vapour qualities (55% for  
500 kg/m2s and 50% for 800 kg/m2s) than is the case for a flow at 300 kg/m2s (60%). 
However, for a micro-fin tube with a helix angle of 18º, the annular flow regime 
progressed to the intermittent flow regime at lower vapour qualities (respectively 50% 
for 500 kg/m2s and 40% for 800 kg/m2s) than is the case for a flow at 300 kg/m2s (also 
60%). Both for the helical wire-inserted tubes or the micro-fin tubes, the stratified waves 
form at very low vapour qualities, after which the flows become fully condensed, but 
with the appearance of the occasional elongated and highly twisting bubbles. The only 
difference is that the formed bubbles in the helical wire-inserted tubes are bigger than 
those in the micro-fin tubes. 
 
Figures 5.105 to 5.110 show the flow patterns of R134a and R407C at typical mass 
fluxes of 300, 500 and 800 kg/m2s, for a comparison of the micro-fin tube with a helix 
angle of 18º and the three helical wire-inserted tubes. Similar results were obtained to 
those of R22 at 300, 500 and 800 kg/m2s. 
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5.7.2 Average heat transfer coefficients 
 
Figures 5.111 to 5.113 present a comparison of the average heat transfer coefficients of 
R22, R134a and R407C respectively, in three types of micro-fin tubes with helix angles 
of 10º, 18º and 37º, as well as three types of helical wire-inserted tubes with pitches of  
5, 7.77 and 11 mm. Generally, in both cases, the average heat transfer coefficients 
increase along a steady gradient, as the mass fluxes rise. Among the three tested 
micro-fin tubes, the micro-fin tube with a helix angle of 37º enhances the heat transfer 
coefficients to a greater extent than the other two. These could be seen in the 
experiments for three refrigerants.  
 
In general, the heat transfer enhancement increases with an increasing helix angle, 
which is considered to be due to the additional swirling secondary flow set up at the 
larger helix angles. These large helix angles cause a distinct redistribution of the 
condensed liquid around the tube inner surface, which essentially simulates an annular 
flow with a thick film, enjoying an accompanying increase in heat transfer (Liebenberg, 
2003). 
 
The heat transfer coefficients of the helical wire-inserted tubes can generally reach the 
level of the micro-fin tubes with helix angles of 10º and 18º. Furthermore, an interesting 
phenomenon was that the average heat transfer coefficients of helical wire-inserted 
tubes are higher than those of micro-fin tubes with helix angles of 10º at mass fluxes of 
G ≥ 650 kg/m2s and are lower at mass fluxes of G ≤ 450 kg/m2s. This is because of the 
fact that the fin height (e = dc = 0.5 mm) of helical wires is larger than the fin height of 
micro-fin tubes ( 0.2 mm).e    The higher fins could penetrate the liquid film to mix and 
to swirl the vapour flow. The high mass flux usually produces a thicker liquid film at the 
annular flow regime, which was considered the most important regime for enhancement 
heat transfer during the condensing process.  
 
The reason for the lower heat transfer coefficient of helical wire-inserted tubes, 
compared to that of micro-fin tubes, at mass fluxes of G ≤ 450 kg/m2s is explained as 
follows. 
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Micro-fin tubes generally have higher heat transfer enhancement than helical 
wire-inserted tubes. The main reason is that the micro-fin tubes had a higher area 
enhancement ( 1.64micro finAH − = , Liebenberg, 2003). But the area enhancements of three 
types of helical wire-inserted tubes were only 1.3,1.2 and 1.15eAH = respectively 
(Section 5.6.1). The secondary reason is that the micro-fins have a good thermal contact 
with the tube wall (same solid material). However, the helical wires contact the tube 
wall only with their outside rim by their spring forces. 
 
5.7.3 Average pressure drops 
 
Figures 5.114  to 5.116 show a average pressure drop comparison of R22, R134a and 
R407C respectively, in micro-fin tubes with helix angles of 10º, 18º and 37º as well as 
helical wire-inserted tubes with three types of pitches (p = 5, 7.77 and 11 mm). Generally, 
it is apparent that both of the helical wire inserts and micro-fins increase the average 
pressure drops compared to their smooth tube counterpart. In both cases, the average 
pressure drops increase as the mass fluxes rise. For three tested micro-fin tubes, the 
micro-fin tube with a helix angle of 18º causes more pressure drop than the other two 
and is equivalent to that produced by helical wire-inserted tubes. An increasing slope of 
the average pressure drops can be observed at higher mass fluxes,  
G ≥ 600 − 650 kg/m2s. As previously explained (Section 5.7.2), this is because the 
higher wire ‘fins’ penetrate the thicker annular film, affecting the mixing not only on the 
liquid, but also on the vapour flow. Thus, the heat transfer coefficients are enhanced and 
the pressure drops are increased.  
 
5.7.4 Local heat transfer coefficients 
 
Figures 5.117 to 5.119 present a local heat transfer coefficient comparison of condensing 
R22 in three types of micro-fin tubes with helix angles of 10º, 18º and 37º as well as 
helical wire-inserted tubes with pitches of 5, 7.77 and 11 mm respectively at typical 
mass fluxes of 300, 500 and 800 kg/m2s (as described before, representing the low, 
middle and high mass flux regions). 
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It can be seen that in all experiments, the local heat transfer coefficients of micro-fin 
tubes with helix angle of 37º are apparently higher than all the others. At constant mass 
fluxes, the heat transfer coefficients increase as the vapour qualities increase. It is 
noteworthy that the local heat transfer coefficient curves of helical wire-inserted tubes 
intersected with the local heat transfer coefficient curves of micro-fin tubes with helix 
angles of 10º and 18º at low qualities as mass fluxes increased. The curves intersected 
between 70% 90%x = −  (at a mass flux of 300 kg/m2s) and between 60% 80%x = −  
(at a mass flux of 500 kg/m2s), and intersect between 25% 60%x = −  (at a mass flux of 
800 kg/m2s) depending on their pitches. These further confirmed the explanation that the 
higher fins penetrate the liquid film to mix and to take effect on the vapour flow (Section 
5.7.2). The higher mass fluxes usually produce a thicker refrigerant liquid film at the 
annular flow, which plays an important role for heat transfer enhancement during the 
condensing process.  
 
At lower vapour qualities, only vapour shear force is important since either the inserted 
wires or micro-fins are flooded by the condensed refrigerant liquid, so that little or no 
wire surface (acting as fins) is exposed to the vapour flow. Thus, there is no effect on the 
turbulence or mixing eddies of the vapour flow. The area enhancement ( )eAH  is the 
most important factor to enhance the heat transfer at this stage. The overall heat transfer 
coefficient of helical wire-inserted tubes at low vapour qualities is lower than that of 
micro-fin tubes, since the area enhancement of helical wire-inserted tubes is smaller 
than that of micro-fin tubes. 
 
For the cases of refrigerants R134a and R407C, condensation in three types of micro-fin 
tubes with helix angles of 10º, 18º and 37º as well as helical wire-inserted tubes with 
pitches of 5, 7.77 and 11 mm respectively at typical mass fluxes of 300, 500 and  
800 kg/m2s, produced similar results.  
 
5.7.5 Semi-local pressure drop gradients 
 
Figures 5.120 to 5.122 show the semi-local pressure drop gradient comparison for 
condensing R22 in three types of micro-fin tubes with helix angles of 10º, 18º and 37º as 
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well as helical wire-inserted tubes with pitches of 5, 7.77 and 11 mm respectively, at 
typical representative low, middle and high mass fluxes of 300, 500 and 2800 kg/m s .  
 
It can be seen that, at constant mass fluxes, the semi-local pressure drop gradients 
generally increase as the vapour qualities increase between the low vapour qualities and 
middle vapour qualities. It is apparent that the pressure gradients produced by the helical 
wires were higher than those produced by micro-fins at higher vapour qualities 
( 50%x ≥ ).  
 
The liquid film during annular flow becomes thinner and the vapour core velocity 
increases as the average vapour qualities increase. This generates high shear forces with 
the surface of the liquid film, and thus the high pressure gradients at mid-vapour 
qualities. At higher vapour qualities where the liquid film is very thin, the shear forces 
decrease, with a consequential decrease in pressure gradients.  
 
On the lower vapour qualities side ( 10% 30%x ≈ − ), for high mass fluxes of R22 inside 
both cases of the helical wire-inserted tubes or the micro-fin tubes, the pressure drop 
gradients were approximately the same and increased as the vapour qualities rose. This 
was because the vapour shear force was dominant, since the inserted wires or micro-fins 
were flooded by the condensed refrigerant at this stage. Thus, little or no wire or fin 
surface was exposed to the vapour flow. There was no effect on the turbulence or mixing 
eddies of the vapour flow. Also at lower vapour qualities, for lower mass fluxes of R22 
in micro-fin tubes, the pressure drop gradients are higher than those of the helical 
wire-inserted tubes, but without a stable trend. This was caused by intermittent and 
stratified-wavy flows at lower vapour qualities. At low qualities the friction was gravity 
controlled and not shear force controlled. 
 
For the cases of refrigerants R134a and R407C, condensation inside three types of 
micro-fin tubes with helix angles of 10º, 18º and 37º as well as helical wire-inserted 
tubes with pitches of 5, 7.77 and 11 mm respectively at typical mass fluxes of 300, 500 
and 800 kg/m2s, similar results were obtained. The exceptions are that at higher qualities, 
the pressure gradients have lower increasing rates since the pitches of the helical wires 
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become larger, thus decreasing the effect on flow friction. 
 
5.7.6 Overall efficiency ratios (OE = EF / PF) for micro-fin tubes 
 
As mentioned in Section 5.6.5, an overall efficiency (OE) is defined as the total 
efficiency parameter, which was constructed so as to investigate the relative 
performance of the heat transfer enhancements to the pressure drop penalty factors. The 
overall efficiencies of three refrigerants R22, R134a and R407C condensing in the 
micro-fin tubes with helix angles of 10°, 18° and 37° are calculated as shown in Table 
5.2. 5. Generally, it is apparent that the micro-fin tubes with helix angle of 10° have the 
highest overall efficiency compared to the other two tubes with helix angles of 18° and 
37°.  
 
The average heat transfer enhancement factors, the average pressure drop penalty 
factors and the overall efficiencies for micro-fin tubes are summarized in Table 5.2. It 
can be seen that micro-fin tubes with helix angle of 10° increased the heat transfer 
coefficients at the low mass flux (corresponding to G = 300 kg/m2s), EF = 3.14, and 
produced the pressure drop penalty PF = 2.82. For the high mass flux (corresponding to  
G = 800 kg/m2s), they enhanced the heat transfer coefficients EF = 2.35 and caused the 
pressure drop penalty PF = 2.10. Thus, overall, micro-fin tubes with helix angle of 10° 
produced a total average overall efficiency of OE = 1.29.  
 
Micro-fin tubes with helix angle of 18° increased the heat transfer coefficients  
EF = 3.99 times at the low mass flux (corresponding to G = 300 kg/m2s) and caused the 
pressure drop penalty PF = 3.96. On the other side, it increased the heat transfer 
coefficients at the high mass flux (corresponding to G = 800 kg/m2s), EF = 2.54 times 
and caused the pressure drop penalty PF = 3.53. Therefore, micro-fin tubes with helix 
angle of 18° produced a total average overall efficiency of OE = 0.89.  
 
Micro-fin tubes with helix angle of 37° increased the heat transfer coefficients  
EF = 4.05 at the low mass flux (corresponding to G = 300 kg/m2s) and caused the 
pressure drop penalty PF = 4.92. On the other side, micro-fin tubes with helix angle of 
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G
kg/m2s R22 R134a R407C Ave R22 R134a R407C Ave R22 R134a R407C Ave
300 2.96 3.75 2.71 3.14 2.03 1.42 5.01 2.82 1.46 2.64 0.54 1.54
400 2.73 2.89 2.70 2.77 2.03 1.90 4.00 2.65 1.34 1.52 0.67 1.18
500 2.54 2.61 2.55 2.57 1.71 1.85 2.14 1.90 1.49 1.41 1.19 1.36
600 2.34 2.62 2.41 2.46 1.53 2.16 2.02 1.91 1.53 1.21 1.19 1.31
700 2.36 2.45 2.36 2.39 1.78 2.19 1.98 1.98 1.33 1.11 1.20 1.21
800 2.24 2.51 2.29 2.35 1.64 2.50 2.17 2.10 1.36 1.00 1.06 1.14
Ave 2.53 2.80 2.50 2.61 1.79 2.00 2.89 2.23 1.42 1.48 0.97 1.29
300 3.25 4.36 4.36 3.99 3.38 1.95 6.56 3.96 0.96 2.23 0.66 1.29
400 2.90 3.43 3.43 3.25 3.39 3.26 6.69 4.45 0.86 1.05 0.51 0.81
500 2.73 2.93 2.93 2.86 2.66 3.11 3.78 3.18 1.03 0.94 0.78 0.91
600 2.59 2.70 2.70 2.66 2.67 3.03 3.74 3.15 0.97 0.89 0.72 0.86
700 2.58 2.61 2.61 2.60 3.51 3.42 3.63 3.52 0.73 0.76 0.72 0.74
800 2.45 2.59 2.59 2.54 3.23 3.10 4.24 3.53 0.76 0.83 0.61 0.73
Ave 2.75 3.10 3.10 2.98 3.14 2.98 4.77 3.63 0.88 1.12 0.67 0.89
300 3.79 4.56 3.82 4.05 4.54 2.45 7.77 4.92 0.83 1.86 0.49 1.06
400 3.33 3.87 3.58 3.59 3.93 3.02 6.90 4.62 0.85 1.28 0.52 0.88
500 3.31 3.50 3.51 3.44 3.25 2.73 4.10 3.36 1.02 1.28 0.86 1.05
600 3.06 3.47 3.31 3.28 2.91 3.47 3.71 3.37 1.05 1.00 0.89 0.98
700 3.22 3.41 3.39 3.34 3.48 3.14 3.92 3.51 0.93 1.09 0.87 0.96
800 2.96 3.39 3.25 3.20 2.97 3.63 3.69 3.43 1.00 0.93 0.88 0.94
Ave 3.28 3.70 3.48 3.48 3.51 3.08 5.02 3.87 0.95 1.24 0.75 0.98
PF OE
10°
37°
18°
Helix 
angle
EF
37° increased the heat transfer coefficients at the high mass flux (corresponding to  
G = 800 kg/m2s), EF = 3.2, and caused the pressure drop penalty PF = 3.43. Thus, the 
micro-fin tubes with helix angle of 37° produced a total average overall efficiency of OE 
= 0.98. 
 
By analyzing the above comparisons, it is found that micro-fin tubes with helix angle of 
10° produced the highest OE, followed by micro-fin tubes with helix angle of 37° and 
then micro-fin tubes with helix angle of 18°.  
 
Table 5.2 Average heat transfer enhancement (EF), pressure drop factor (PF) 
and overall efficiency (OE) for micro-fin tubes 
 
 
 
5.8 The heat transfer coefficients and pressure drops of different refrigerants  
 
The average heat transfer coefficients of different refrigerants can be observed in 
Figures 5.23 to 5.25. The average heat transfer coefficients of the three test refrigerants 
are generally very close. Only in the helical wire-inserted tube with a pitch of 11 mm, the 
curves appear with a small difference in parallel. The heat transfer coefficient of R134a 
was highest, followed by R22 and then R407C.  
 
The local heat transfer coefficients of different refrigerants are shown in Figures 5.30 to 
5.32. Like the average heat transfer coefficients, the local heat transfer coefficients for 
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the three test refrigerants are also very close at the representative mass fluxes of 
2300 kg/m s,  500 kg/m2s and 800 kg/m2s. It was found that the slope of the local heat 
transfer coefficient curves of R22 and R134a increased at higher vapour qualities 
( 60% 65%),x ≥ −  but the curve of R407C remained almost constant.  
 
The average pressure drops of different refrigerants are illustrated in Figures 5.36 to 
5.38. It is apparent that in all experiments, the average pressure drops of R134a are the 
highest, followed by R22 and then R407C. This confirms that greater heat transfer 
enhancement gives rise to a greater pressure drop penalty. 
 
The semi-local pressure drop gradients of different refrigerants are plotted in  
Figures 5.42 to 5.44 as functions of vapour qualities. They show almost the same trend 
as the average pressure drops; in all experiments the semi-local pressure drop gradients 
of R134a are the highest, followed by R22 and then R407C. This is expected due to their 
different reduced pressures, as explained in Section 5.4.1. 
 
The differentiation between the semi-local pressure gradient curves for the different 
pitches (different helix angles) becomes more distinct at higher mass fluxes. The 
semi-local pressure gradients begin to change from certain low vapour qualities at low 
mass fluxes. This is expected, as visual observations showed the flow regimes changing 
from an intermittent flow to an annular flow at a vapour quality of 40%. The vapour 
speed is therefore suspected to act like a rough surface to the vapour so that large shear 
forces would be generated. This in turn produces large frictional pressure drops, which 
would be worsened by the liquid film becoming very thin at the highest vapour qualities 
where the ‘fins’ would act as turbulators. At the highest vapour qualities, the liquid film 
also eventually disappears, which would cause the apparent drop in the pressure gradient 
(Liebenberg, 2003). 
 
5.9 The effect of varying pitches (helix angles) on heat transfer coefficients 
 
Figure 5.123, Figure 5.125 and Figure 5.127 show that the average heat transfer 
coefficients decrease with the increase in the pitches of the helical wires. This is because 
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of a larger pitch leading to a sparse wire ‘fin’, thus decreasing the area enhancement 
ratio (AH). On the other hand, the bigger pitch also causes a smaller helix angle, which 
was explained in Section 3.2.3 (i.e. that a pitch was related to a fixed helix angle of the 
wires). The small helix angle weakens the redistribution of the condensed liquid around 
the tube inner surface, which is considered as strengthening the heat transfer for 
stimulating the formation of an annular film flow. So, it is apparent that the average heat 
transfer increased as the helix angle increased. For three test refrigerants, these 
functional relationships are shown in Figure 5.124, Figure 5.126 and Figure 5.128 
respectively. 
 
Furthermore, from Figures 5.123 to 5.128, it can be seen that average heat transfer 
coefficients increase with increasing mass fluxes. 
 
Figure 5.129 is a comparison of heat transfer enhancement factors for condensing three 
refrigerants between helical wire-inserted tubes and micro-fin tubes as functions of helix 
angles. It can be seen that EFs of micro-fin tubes are higher than EFs of helical 
wire-inserted tubes. Under both conditions, the EF increases as a helix angle increases.  
 
5.10 The effect of varying pitches (helix angles) on pressure drops 
 
Figure 5.130, Figure 5.132 and Figure 5.134 showed that the average pressure drops 
changed as functions of pitches of the helical wires. For the in-tube flow of the 
vapour-only or liquid-only, small pitches or big helix angles would cause large frictional 
forces so as to produce great pressure drops. However, from Figures 5.129 to 5.134, the 
observed results show that the pressure drops at a pitch of 7.77 mm are higher than the 
pressure drops at pitches of 5 mm and 11 mm. This can be explained: during the 
two-phase zone, especially in the annular flow regime, the large helix angle of the wire 
fins will result in a strong effect of mixing and produce a twisting motion. This effect 
brings the condensed liquid that gathered in the bottom of the tube back to the top of the 
tube and redistributes it there along the inner surface of the tube. This effect increases 
the thickness of the annular liquid film and thus decreases the penetration and exposure 
of the wire fins. It decreases the effect between the interface of the liquid film and the 
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vapour flow, thus reducing the pressure drop. This is why the pressure drop of the p5 
tube is lower than that of the p7 tube, although the p5 tube has a small pitch or large helix 
angle. It is observed that the mixing, holding up and redistributing effect were even 
stronger as the mass flux increased. 
 
However, for the case of the p7 tube compared to the p11 tube, this mixing, holding up 
and redistributing effect cannot compensate for the effect due to the larger pitch spacing, 
so that p11 generates a decreased pressure drop in total. 
 
For three test refrigerants, the average pressure drops as the functions of helix angles are 
shown in Figure 5.131, Figure 5.133 and Figure 5.135 respectively. 
 
Moreover, from Figures 5.130 to 5.135, it can be seen that average pressure drops 
increase with increasing mass fluxes. 
 
Figure 5.136 is a comparison of pressure drop factors for condensing three refrigerants 
between helical wire-inserted tubes and micro-fin tubes as functions of helix angles. It 
can be seen that both helical wires and micro-fins produced almost the same magnitude 
of pressure drop penalties. PFs are increased as a helix angle increasing for micro-fin 
tubes. This is mainly because the sectional tube length of the heat exchanger with helix 
angle of 37° is the shortest one. However, PFs first increase and then decrease as a helix 
angle increases for helical wire-inserted tubes. As explained previously, the larger pitch 
spacing dominates.  
 
5.11 The effect of varying pitches (helix angles) on overall efficiency ratios (OEs) 
 
Figure 5.137, Figure 5.139 and Figure 5.141 show that the overall efficiency ratios (OEs) 
are functions of pitches of helical wires. These results further substantiate the discussion 
and conclusion in Section 5.6.5. 
 
Figure 5.138, Figure 5.140 and Figure 5.142 show that the overall efficiency ratios (OEs) 
are functions of helix angles of helical wires. It can be seen that the helical wire-inserted 
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tubes with a pitch of 5 mm (or helix angle 78.2β = o ) produced the highest overall 
efficiency ratios, followed by p11 tubes and then p7 tubes. The helical wire-inserted 
tubes with a pitch of 7.77 mm generated the lowest overall efficiency, since the highest 
pressure drops were produced.  
 
Comparing the results of the three test refrigerants, it can be seen that R407C has the 
highest overall efficiency ratios in all ranges of mass fluxes in the helical wire-inserted 
tubes with all three pitches of p5, p7 and p11. Therefore, it can be concluded that the heat 
transfer method that was made up of helical wire-inserted tubes was well suited to the 
applications of R407C.  
 
Figure 5.143 is a comparison of overall efficiency ratios for condensing three 
refrigerants between helical wire-inserted tubes and micro-fin tubes as functions of helix 
angles. It can be seen that OEs of micro-fin tubes are higher than those of helical 
wire-inserted tubes. This is mainly because micro-fins produced higher EFs than helical 
wires, as described previously. Micro-fin tubes with a helix angle of 10° have the 
highest OEs because of their lowest PFs. 
 
5.12 Conclusion 
 
The heat transfer performances for condensing R22, R134a and R407C in the helical 
wire-inserted tubes with pitches of 5, 7.77 and 11 mm were studied experimentally in 
this chapter. Average heat transfer coefficients and pressure drops were measured 
computationally, semi-local heat transfer coefficients and semi-local pressure drop 
gradients were calculated under the conditions of mass fluxes of 
G = 300 kg/m2s − 800 kg/m2s, vapour qualities of 0.05 0.95x = −  and at a nominal 
saturation temperature of 40 1 .satT C= ± ° Six mini-video cameras were utilized to 
collect the images of the flow patterns during the condensing process. 
 
These experimental results were compared and discussed with the results of smooth 
tubes, usually used as references to estimate an enhancement method. The results also 
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were compared with those of the micro-fin tubes, with three types of helix angles (10º, 
18º and 37º).  
 
5.12.1 Flow regimes 
 
The flow regimes were found to be similar between the condensation in smooth tubes, 
helical wire-inserted tubes and micro-fin tubes. The transition from the annular to the 
intermittent flow was delayed to the lower vapour quality side at a vapour quality of 
10% 15%x −   by helical wires. However, this transition was delayed at a vapour 
quality of 15% 20%x −  by micro-fins comparing to 48% 54%x −   for the referenced 
smooth tubes (Liebenberg, 2003). 
 
5.12.2 Heat transfer coefficients and heat transfer enhancement factors (EFs) 
 
The trends of average heat transfer coefficients for three test refrigerants rise in 
conjunction with increasing mass fluxes. The heat transfer coefficients of R134a are 
always highest in the test range of mass fluxes, followed by R22 and then R407C.  
 
The heat transfer coefficients also increased with increasing vapour qualities at constant 
mass fluxes, irrespective of the type of helical wire inserts or refrigerants. The 
semi-local heat transfer data also shows that, at low mass fluxes 2(G  500 kg/m s)≤  and 
higher vapour qualities (   60%),x ≥  for all three kinds of helical wire-inserted tubes, 
R22 and R134a had increasing slopes. 
 
The inserted helical wires enhance the heat transfer coefficients by 1.58 − 2.65 times and 
the micro-fins enhance the heat transfer coefficients by 2.24 − 4.56 times compared to 
the counterpart smooth tubes. 
 
5.12.3 Pressure drops and pressure drop penalty factors (PFs) 
 
The average pressure drops of three test refrigerants increase with increasing mass 
fluxes. R134a had the largest pressure drops and R407C had the lowest pressure drops in 
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the mass flux ranges of G = 300 kg/m2s − 800 kg/m2s. 
 
The pressure drop gradients increase but the trends are very close at the low vapour 
qualities. At high vapour qualities, for high mass fluxes, there are large differences 
between these pressure gradients. 
 
The inserted helical wires produce pressure drop penalties by 2.33 − 6.28 times and the 
micro-fins produce pressure drop penalties by 1.42 − 7.77 times compared to the 
counterpart smooth tubes. 
 
5.12.4 Overall efficiency ratios (OEs) 
 
The p5 helical wires produce a total average overall efficiency of OEp5 = 0.61, the p7 
helical wires produce a total average overall efficiency of OE p7 = 0.45 and the p11 
helical wires produce a total average overall efficiency of OE p11 = 0.48. Furthermore, 
the micro-fins with helix angles of 10°, 18° and 37° produce the following average 
overall efficiencies: OE10° = 1.29, OE18° = 0.89 and OE37° = 0.98. 
 156
 
 
 
 
Figure 5.102 Flow regime observation comparison of condensing R22 in a 
micro-fin tube with a helix angle of 18º and helical wire-inserted tubes with 
varying pitches (p = 5, 7.77 and 11 mm) at a mass flux of 300 kg/m2s 
 
 
 
R22 Micro-fin, 18º P = 5 mm P = 7.77 mm P = 11 mm 
CH0 
    
x (%) 97.20 98.37 88.43 89.29 
CH1 
    
x (%) 80.10 67.14 61.50 62.38 
 
 
CH2 
 
     
x (%) 51.30 29.74 36.43 37.33 
CH3 
    
x (%) 27.00 4.05 12.59 12.79 
CH4 
    
x (%) 8.60 0 0 0 
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Figure 5.103 Flow regime observation comparison of condensing R22 in a 
micro-fin tube with a helix angle of 18º and helical wire-inserted tubes with 
varying pitches at a mass flux of 500 kg/m2s 
  
 
 
R22 Micro-fin, 18º P = 5 mm P = 7.77 mm P = 11 mm 
CH0 
   
x (%) 97.40 95.66 85.28 87.83 
CH1 
    
x (%) 79.10 62.64 55.84 57.26 
 
 
CH2 
 
     
x (%) 47.90 27.01 29.86 30.99 
CH3 
   
x (%) 20.20 5.91 8.23 7.38 
CH4 
   
x (%) 4.00 0 0 0 
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Figure 5.104 Flow regime observation comparison of condensing R22 in a 
micro-fin tube with a helix angle of 18º and helical wire-inserted tubes with 
varying pitches at a mass flux of 800 kg/m2s 
  
 
R22 Micro-fin, 18º P = 5 mm  P = 7.77 mm   P = 11 mm 
CH0 
    
x (%) 95.70 94.78 85.50 85.66 
CH1 
   
x (%) 78.20 62.79 54.86 55.15 
 
 
CH2 
 
    
x (%) 53.00 31.26 31.39 31.19 
CH3 
   
x (%) 31.30 14.04 13.35 10.82 
CH4 
   
x (%) 12.90 0 0 0 
CH5 
    
x (%) 3.00 0 0 0 
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Figure 5.105 Flow regime observation comparison of condensing R134a in a 
micro-fin tube with a helix angle of 18º and helical wire-inserted tubes with 
varying pitches at a mass flux of 300 kg/m2s 
  
 
 
 
R134a Micro-fin, 18º P = 5 mm P = 7.77 mm P = 11 mm 
CH0 
   
x (%) 97.20 98.04 89.25 90.87 
CH1 
   
x (%) 80.10 56.85 63.17 65.22 
 
 
CH2 
 
     
x (%) 51.30 26.80 39.85 41.50 
CH3 
   
x (%) 27.00 2.17 14.99 16.45 
CH4 
   
x (%) 8.60 0 0 0 
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Figure 5.106 Flow regime observation comparison of condensing R134a in a 
micro-fin tube with a helix angle of 18º and helical wire-inserted tubes with 
varying pitches at a mass flux of 500 kg/m2s 
 
 
 
 
 
  
 
R134a Micro-fin, 18º P = 5 mm  P = 7.77 mm   P = 11 mm 
CH0 
    
x (%) 96.90 96.01 86.43 86.69 
CH1 
   
x (%) 80.00 61.78 58.51 57.20 
 
 
CH2 
 
     
x (%) 53.90 35.24 35.76 32.99 
CH3 
   
x (%) 35.70 7.81 13.27 9.27 
CH4 
    
x (%) 11.30 0 0 0 
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Figure 5.107 Flow regime observation comparison of condensing R134a in a 
micro-fin tube with a helix angle of 18º and helical wire-inserted tubes with 
varying pitches at a mass flux of 800 kg/m2s 
  
 
 
 
 
R134a Micro-fin, 18º P = 5 mm  P = 7.77 mm   P = 11 mm 
CH0 
   
x (%) 95.20 91.26 81.07 82.71 
CH1 
   
x (%) 77.80 58.38 52.56 53.59 
 
 
CH2 
 
    
x (%) 53.90 36.31 31.35 31.32 
CH3 
    
x (%) 35.70 12.75 11.28 9.25 
CH4 
    
x (%) 21.40 0 0 0 
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Figure 5.108 Flow regime observation comparison of condensing R407C in a 
micro-fin tube with a helix angle of 18º and helical wire-inserted tubes with 
varying pitches at a mass flux of 300 kg/m2s 
  
 
 
 
 
R407C Micro-fin, 18º P = 5 mm  P = 7.77 mm   P = 11 mm 
CH0 
   
x (%) 95.90 99.81 88.51 90.02 
CH1 
    
x (%) 74.70 54.94 59.58 60.95 
 
 
CH2 
 
     
x (%) 42.1 26.46 33.71 34.93 
CH3 
   
x (%) 16.80 1.37 12.07 12.07 
CH4 
   
x (%) 3.50 0 0 0 
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Figure 5.109 Flow regime observation comparison of condensing R407C in a 
micro-fin tube with a helix angle of 18º and helical wire-inserted tubes with 
varying pitches at a mass flux of 500 kg/m2s 
R407C Micro-fin, 18º P = 5 mm  P = 7.77 mm   P = 11 mm 
CH0 
    
x (%) 96.00 97.49 86.44 90.90 
CH1 
  
x (%) 76.80 54.50 54.85 60.63 
 
 
CH2 
 
     
x (%) 47.10 27.51 30.60 35.08 
CH3 
   
x (%) 23.10 3.18 8.65 14.01 
CH4 
    
x (%) 6.80 0 0 0 
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Figure 5.110 Flow regime observation comparison of condensing R407C in a 
micro-fin tube with a helix angle of 18º and helical wire-inserted tubes with 
varying pitches at a mass flux of 800 kg/m2s 
 
R407C Micro-fin, 18º P = 5 mm  P = 7.77 mm   P = 11 mm 
CH0 
    
x (%) 97.90 93.32 84.41 86.58 
CH1 
   
x (%) 82.80 50.73 52.96 54.65 
 
 
CH2 
 
    
x (%) 58.10 27.20 29.79 29.69 
CH3 
   
x (%) 38.90 5.02 9.63 10.33 
CH4 
    
x (%) 23.50 0 0 0 
CH5 
   
x (%) 11.40 0 0 0 
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Figure 5.111 Average heat transfer coefficient comparison of condensing R22 in 
helical wire-inserted tubes with pitches of p = 5, 7.77 and 11 mm, and in micro-fin 
tubes with helix angles of 10º, 18º and 37º  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.112 Average heat transfer coefficient comparison of condensing R134a in 
helical wire-inserted tubes with pitches of p = 5, 7.77 and 11 mm, and in micro-fin 
tubes with helix angles of 10º, 18º and 37º 
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R22 average pressure drop
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Figure 5.113 Average heat transfer coefficient comparison of condensing R407C in 
helical wire-inserted tubes with pitches of p = 5, 7.77 and 11 mm, and in micro-fin 
tubes with helix angles of 10º, 18º and 37º 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.114 Average pressure drop comparison of condensing R22 in helical 
wire-inserted tubes with pitches of p = 5, 7.77 and 11 mm, and in micro-fin tubes 
with helix angles of 10º, 18º and 37º  
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R134a average pressure drop
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Figure 5.115 Average pressure drop comparison of condensing R134a in helical 
wire-inserted tubes with pitches of p = 5, 7.77 and 11 mm, and in micro-fin tubes 
with helix angles of 10º, 18º and 37º 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.116 Average pressure drop comparison of condensing R407C in helical 
wire-inserted tubes with pitches of p = 5, 7.77 and 11 mm, and in micro-fin tubes 
with helix angles of 10º, 18º and 37º 
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Figure 5.117 Local heat transfer coefficient comparison of condensing R22 in 
helical wire-inserted tubes with pitches of 5, 7.77 and 11 mm, and in micro-fin 
tubes with helix angles of 10º, 18º and 37º at a mass flux of 300 kg/m2s 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.118 Local heat transfer coefficient comparison of condensing R22 in 
helical wire-inserted tubes with pitches of 5, 7.77, and 11 mm, and in micro-fin 
tubes with helix angles of 10º, 18º and 37º at a mass flux of 500 kg/m2s 
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Figure 5.119 Local heat transfer coefficient comparison of condensing R22 in 
helical wire-inserted tubes with pitches of 5, 7.77, and 11 mm, and in micro-fin 
tubes with helix angles of 10º, 18º and 37º at a mass flux of 800 kg/m2s 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.120 Semi-local pressure drop gradient comparison of condensing R22 in 
helical wire-inserted tubes with pitches of 5, 7.77, and 11 mm, and in micro-fin 
tubes with helix angles of 10º, 18º and 37º at a mass flux of 300 kg/m2s 
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Figure 5.121 Semi-local pressure drop gradient comparison of condensing R22 in 
helical wire-inserted tubes with pitches of 5, 7.77, and 11 mm, and in micro-fin 
tubes with helix angles of 10º, 18º and 37º at a mass flux of 500 kg/m2s 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.122 Semi-local pressure drop gradient comparison of condensing R22 in 
helical wire-inserted tubes with pitches of 5, 7.77, and 11 mm, and in micro-fin 
tubes with helix angles of 10º, 18º and 37º at a mass flux of 800 kg/m2s 
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Figure 5.123 Variation of average heat transfer coefficients with pitches of the 
helical wire-inserted tubes for condensing R22 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.124 Variation of average heat transfer coefficients with helix angles of the 
helical wire-inserted tubes for condensing R22 
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Figure 5.125 Variation of average heat transfer coefficients with pitches of the 
helical wire-inserted tubes for condensing R134a 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.126 Variation of average heat transfer coefficients with helix angles of the 
helical wire-inserted tubes for condensing R134a 
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Figure 5.127 Variation of average heat transfer coefficients with pitches of the 
helical wire-inserted tubes for condensing R407C 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.128 Variation of average heat transfer coefficients with helix angles of the 
helical wire-inserted tubes for condensing R407C 
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Figure 5.129 A comparison of heat transfer enhancement factors between helical 
wire-inserted tubes and micro-fin tubes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.130 Variation of average pressure drops with pitches of the helical 
wire-inserted tubes for condensing R22 
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Figure 5.131 Variation of average pressure drops with helix angles of the helical 
wire-inserted tubes for condensing R22 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.132 Variation of average pressure drops with pitches of the helical 
wire-inserted tubes for condensing R134a 
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Figure 5.133 Variation of average pressure drops with helix angles of the helical 
wire-inserted tubes for condensing R134a 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.134 Variation of average pressure drops with pitches of the helical 
wire-inserted tubes for condensing R407C 
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Figure 5.135 Variation of average pressure drops with helix angles of the helical 
wire-inserted tubes for condensing R407C 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.136 A comparison of pressure drop factors between helical wire-inserted 
tubes and micro-fin tubes 
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Figure 5.137 Variation of overall efficiency rates with pitches of the helical 
wire-inserted tubes for condensing R22 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.138 Variation of overall efficiency rates with helix angles of the helical 
wire-inserted tubes for condensing R22 
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Figure 5.139 Variation of overall efficiency rates with pitches of the helical 
wire-inserted tubes for condensing R134a 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.140 Variation of overall efficiency rates with helix angles of the helical 
wire-inserted tubes for condensing R134a 
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Figure 5.141 Variation of overall efficiency rates with pitches of the helical 
wire-inserted tubes for condensing R407C 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.142 Variation of overall efficiency rates with helix angles of the helical 
wire-inserted tubes for condensing R407C 
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Figure 5.143 A comparison of overall efficiency rates between helical wire-inserted 
tubes and micro-fin tubes 
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CHAPTER 6: DEVELOPMENT OF A FLOW REGIME MAP, HEAT 
TRANSFER COEFFICIENT AND PRESSURE DROP 
CORRELATIONS FOR HELICAL WIRE-INSERTED TUBES 
 
 
6.1 Introduction 
 
Thus far, there have been no flow regime maps available for predicting the heat transfer 
performance of helical wire-inserted tubes. This chapter first provides a flow regime 
map for helical wire-inserted tubes, which is based on the Thome flow regime map for 
smooth tubes (Thome, 2002). Second, this chapter presents new heat transfer coefficient 
correlations and a new pressure drop correlation for refrigerant condensation in helical 
wire-inserted tubes. 
 
6.2 Flow transition and flow regime map for helical wire-inserted tubes 
 
The approaches to the modelling of two-phase heat transfer and two-phase pressure 
drops are usually based on a two-phase flow pattern analysis. Numerous flow pattern 
maps have been proposed over the years for predicting a two-phase flow regime 
transition in horizontal tubes. 
 
Many of the traditional-style models for evaporation, condensation and two-phase 
pressure drops completely ignore flow regime effects or simply treat flows as stratified 
(gravity-controlled) or non-stratified (shear-controlled) flows. This greatly limits their 
accuracy, validity and reliability, resulting in prediction errors often surpassing 100% 
within their supposed range of application (Thome, 2002). 
 
Void fraction is the foremost parameter in determining two-phase flow pattern 
transitions, two-phase heat transfer coefficients and two-phase pressure drops. 
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Numerous void fraction models exist for predicting the cross-sectional void fraction of a 
vapour in a two-phase flow in a tube, which is defined as the cross-sectional area 
occupied by the vapour with respect to the total cross-sectional area of the flow channel. 
The void fraction prediction method could be classified as: 
 
? Homogeneous model (assumes the two phases travel at the same velocity) 
? One-dimensional models (they minimize some parameters, such as momentum 
or kinetic energy) 
? Drift flux models (account for the radial velocity distribution in the two phases) 
? Models for specific flow regimes 
? Empirical methods 
 
The homogeneous model is applicable to flows where the vapour and liquid phases 
travel at almost the same velocity, such as near the critical point or at very high mass 
velocities, where the flow regime is either a bubbly flow or a mist flow. Drift flux 
models are particularly attractive because they account for the velocity distributions in 
the vapour and liquid phases, and hence include the effect of mass velocity on void 
fraction, which the other methods do not (El Hajal et al., 2003). 
 
Collier and Thome (1994) depict some of the typical flow regimes observed during 
evaporation and condensation in a horizontal tube, including some cross-sectional views 
of the flow patterns. The flow patterns were classified as follows:  
 
? S – fully-stratified flow 
? SW – stratified-wavy flow 
? I – Intermittent flow 
? A – annular flow 
? MF – mist flow 
? B – bubbly flow 
 
Intermittent flow refers to both the plug and slug flow regimes. It is essentially a 
stratified-wavy flow pattern with large amplitude waves that wash the top of the tube. 
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Furthermore, a stratified-wavy flow is often referred to in literature as a wavy flow.  
 
The homogeneous void fraction can be calculated as (El Hajal, 2003): 
 
1
11 vh
l
x
x
ρε ρ
−⎡ ⎤−⎛ ⎞= +⎢ ⎥⎜ ⎟⎝ ⎠⎣ ⎦
                                                                                               (6-1) 
 
The homogeneous void fraction model assumes the vapour and the liquid phases travel 
at the same velocity in the channel, and is applicable to very high reduced pressure. 
 
The expression of Rouhani-Axelsson, which counted the drift flux, gave the void 
fraction as (El Hajal, 2003): 
 
( ) ( ) ( )
10.25
0.5
1.18 111 0.12 1 l vra
v v l l
x gx x xx
G
σ ρ ρε ρ ρ ρ ρ
−⎧ ⎫− −⎡ ⎤⎛ ⎞−⎪ ⎪⎣ ⎦= + − + +⎡ ⎤⎨ ⎬⎜ ⎟⎣ ⎦ ⎝ ⎠⎪ ⎪⎩ ⎭
              (6-2) 
 
This method was particularly effective at low to medium pressures but did not go 
towards the limit of the homogeneous void fraction as the pressure approached the 
critical point. 
 
For convective condensation in a turbulent annular film, assuming ,idδ    then:  
 
(1 )
4
id εδ −=                                                                                                               (6-3) 
 
The logarithmic mean void fraction was found between the values of hε  and raε to yield 
the best results: 
 
ln
h ra
h
ra
ε εε ε
ε
−= ⎛ ⎞⎜ ⎟⎝ ⎠
                                                                                                              (6-4) 
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It was found by Hurlburt and Newell (1999) that a Froude Rate parameter (Ft) depicts a 
transition boundary between a stratified flow and an annular flow. The Froude Rate 
expresses how the energy dissipation due to liquid waves and liquid mass movement 
around the tube’s diameter are related to the energy in the flow stream. It is essentially 
the Froude number multiplied by the square root of liquid mass flow rate to vapour mass 
flow rate, and is defined as (Graham et al., 1999): 
 
1/ 22 3
2(1 ) v i
G xFt
x gdρ
⎡ ⎤= ⎢ ⎥−⎣ ⎦
                                                                                              (6-5) 
 
The turbulent Martinelli parameter is defined as (Lockhart and Martinelli, 1949): 
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ρ μ
⎛ ⎞ ⎛ ⎞ −⎛ ⎞= ⎜ ⎟ ⎜ ⎟ ⎜ ⎟⎝ ⎠⎝ ⎠ ⎝ ⎠
                                                                                 (6-6) 
 
Figure 6.1 shows the variation of the void fraction ( )ε  with the Froude rate (Ft) for all 
test points for all three refrigerants in all three helical wire-inserted tubes, and Figure 6.2 
shows the variation of the Martinelli parameter ( )ttX with the Froude rate (Ft) for all 
collected experimental data for all three refrigerants in the three helical wire-inserted 
tubes. It can be seen from Figures 6.1 and 6.2 that the gradients of the trendlines 
dramatically changed at approximately 6,Ft   which indicate the transitions from a 
stratified-wavy/intermittent flow to an annular flow. All the experimental data was 
regressed to the following power equation: 
 
0.85362.4032( )ttX Ft
−=                                                                                                (6-7) 
 
At the transitional point of approximately Ft = 6, Equation (6-7) yields a value of  
Xtt = 0.521. Thus: 
 
0.5 0.1 0.910.521 ltt
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⎛ ⎞ ⎛ ⎞ −⎛ ⎞= = ⎜ ⎟ ⎜ ⎟ ⎜ ⎟⎝ ⎠⎝ ⎠ ⎝ ⎠
                                                                    (6-8) 
 186
Solving Equation (6-8) for x yields:   
 
15/9 1/9
1 0.484 lIA
l
x x ν
ν
ρ μ
ρ μ
−⎡ ⎤⎛ ⎞ ⎛ ⎞⎢ ⎥= = + ⎜ ⎟ ⎜ ⎟⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦
                                                                     (6-9) 
 
The vapour qualities by Equation (6-9) therefore gave the transitions between the 
intermittent and annular flows, and were used to adapt the Thome flow regime map (for 
plain tubes) of the condensing refrigerants in the helical wire-inserted tubes. The vapour 
quality transition calculated by using Equation (6-9) for R22 condensing in all three 
types of helical wire-inserted tubes was 22 37%.IA Rx − =  Furthermore, the transitional 
vapour qualities of R134a and R407C condensing in all three types of helical 
wire-inserted tubes were also obtained by using Equation (6-9) as 
134 35%IA R ax − = and 407 41%IA R Cx − =  respectively. These transitional qualities were used 
to generate the new flow regime maps, which agree well with the images captured by the 
mini-video cameras, as shown in Figures 6.4 to 6.6 for experiments of different pitches 
of helical wire-inserted tubes. Figures 6.7 and 6.8 show the results of smooth tubes and 
micro-fin tubes with a helix angle of 18°, which were simply used as a comparison. 
 
Table 6.1 Comparison of experimental flow transitional qualities  
(annular to intermittent) 
Tube types R22 R134a R407C Criterion used 
Smooth tube 49% 46% 51% Thome, 2002 
Micro-fin tube 32% 30% 39% Liebenberg, 2003
Herringbone 
micro-fin tubes 
27% 24% 27% Owaga, 2004 
Helical 
wire-inserted 
tube 
37% 35% 41% Present study 
 
Compared with Thome’s smooth tube criterion and Liebenberg’s results (Liebenberg, 
2003) of the micro-fin tubes (Table 6.1), it can be seen that the helical wire-inserted 
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tubes have a higher heat transfer efficiency than that of smooth tubes and are very close 
to (but less than) that of micro-fin tubes. Both retained the annular flow for longer 
periods so as to enhance the heat transfer. In addition, the transitional qualities for 
herringbone micro-fin tubes are also shown in Table 6.1. The research on the flow 
transition for refrigerants condensing in the herringbone tube was done by  
Owaga (2004). All of these transitional qualities are shown in Figure 6.3 for comparison, 
where Gstrat is simplified in one curve. The calculation of Gstrat is not of concern in this 
research project and the exact value can be determined according to the work by El Hajal 
et al. (2003). 
 
6.3 New heat transfer coefficient correlations for helical wire-inserted tubes 
 
The Cavallini (1999) Correlation (6-10) was developed for low-fin, micro-fin and 
cross-grooved tubes: 
 
( ) ( )10.8 0.263e0.05 Re Prl q l
h
kh Rx Bo Fr
d
−= ⋅                                                                (6-10) 
 
where the equivalent Reynolds number Reeq  is given by: 
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The liquid Prandtl number Prl is given by: 
 
Pr pl ll
l
C
k
μ=                                                                                                               (6-12) 
                                                                                                          
and the Froude number Fr is expressed as: 
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where uGo is the velocity of the vapour phase with a total flow rate, and is calculated by 
dividing the total mass flux by the vapour density. 
 
The Bond number Bo accounts for surface tension effects, and is defined as: 
 
8
l ig e dBo
n
ρ π
σ=                                                                                                          (6-14) 
 
The geometry enhancement factor Rx is the function of the geometry parameters and is 
expressed as: 
 
( , , )Rx f e γ β=                                                                                                         (6-15) 
 
For the micro-fin tubes, Rx is given by: 
 
( ) ( )2 1 sin / cos 12 2
cos
ien d
Rx
γ γπ
β
⎫⎧⎡ ⎤⎛ ⎞ ⎡ ⎤− +⎜ ⎟⎨ ⎬⎢ ⎥ ⎢ ⎥⎝ ⎠ ⎣ ⎦⎣ ⎦⎩ ⎭=                                                    (6-16) 
 
However, for the helical wire-inserted tubes, if assumed: 
 
12 sin
C
i
eRx
pd
β⎛ ⎞= ⎜ ⎟⎝ ⎠                                                                                                     (6-17) 
 
the Correlation (6-10) could be: 
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C
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k eh Bo Fr
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β −⎛ ⎞= ⋅⎜ ⎟⎝ ⎠                                                (6-18) 
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The experimental data is used by a power regression analysis and obtained as  
C1 = -0.13, so that the correlation of the heat transfer coefficient condensing refrigerants 
in the helical wire-inserted tubes is expressed as: 
 
( ) ( )0.13210.8 0.263e sin0.05 Re Prl q l
h i
k eh Bo Fr
d pd
β − −⎛ ⎞= ⋅⎜ ⎟⎝ ⎠     
2( 600 kg/m s)G ≥             (6-19) 
 
This correlation was only applicable to large mass fluxes 2( 600 kg/m s),G ≥ and it was 
over-predicted when the mass fluxes were 2600 kg/m s.G <  It is found through analysis 
that the heat transfer coefficients are related to the vapour qualities in these ranges. 
Therefore, the Correlation (6-18) is modified as: 
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0.13210.8 0.263
e
3
sin0.05 Re Pr
2
l
q l
h i
C
k e Bo Fr
d pd
h
C x
β − −⎛ ⎞ ⋅⎜ ⎟⎝ ⎠= ⋅                                              (6-20)  
 
Using power regression analysis to obtain C2 = 3.5833 and C3 = -0.2879, the heat 
transfer coefficient 2( 300 600 kg/m sG = − or 2600 kg/m s)G < is thus expressed as: 
 
( ) ( )
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0.13210.8 0.263
e
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sin0.05 Re Pr
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k e Bo Fr
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or: 
 
( ) ( )0.13210.8 0.26 0.28793 sin0.014 Re Prll eq
h i
k eh Bo Fr x
d pd
β − −⎛ ⎞= ⋅⎜ ⎟⎝ ⎠     
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Figure 6.9 is the comparison of correlated data using these heat transfer coefficient 
correlations on all the experimental data obtained. It can be seen that the new heat 
transfer coefficient correlations predicted the majority (i.e. 80%) of the experimental 
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data within a 20% mean deviation that was regarded as acceptable. Most of the points 
for R407C are predicted higher than the experimental data. This can be explained from 
its physical properties as follows:  
 
Compared with R22 and R134a, R407C has the highest vρ and lowest .lμ  The highest 
vρ leads to the lowest Fr, since 21
v
Fr ρ∝  from Equation (6-13). Then the lowest 
lμ leads to the highest Reeq , since 1Reeq
lμ∝  from Equation (6-11). Both of the lowest 
Fr and highest Reeq  cause the highest prediction of heat transfer coefficient (h), since 
0.8
0.26
Re
,eqh
Fr
∝  which could be obtained from Correlation (6-10). 
 
6.4 New pressure drop correlation for helical wire-inserted tubes 
 
The total pressure drop was taken as the sum of the deceleration pressure drop and 
frictional pressure drop (Martinelli and Nelson, 1948; Liebenberg, 2003): 
 
total m fp p pΔ = Δ + Δ                                                                                                   (6-23) 
 
It was assumed that the separated flow of the liquid and vapour phases moved at average 
velocity. The deceleration pressure drop was given as (Martinelli and Nelson, 1948; 
Liebenberg, 2003): 
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                                         (6-24) 
 
According to the calculation by Liebenberg (2003), mpΔ were less than 10% of the total 
pressure drops. 
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The frictional pressure drop was defined as the product of a liquid-only, single-phase 
pressure drop and a two-phase multiplier as follows (Souza and Pimenta, 1995): 
 
2
f lo lp pΔ = Δ Φ                                                                                                           (6-25) 
 
2 7.2421.376
1.655l ttX
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the Martinelli parameter is obtained from  
Equation (6-6). 
 
The liquid-only pressure drop lopΔ was calculated by (adapted from Liebenberg, 2003): 
 
( )222 1lo
lo
l i
f G x L
p
dρ
−Δ =                                                                                            (6-27) 
 
where the x was the sectional average quality. 
 
The liquid-only frictional factor in smooth tube 0.20.046Relo lf
−= was modified by using 
the frictional factor for high-fin tubes (Liebenberg, 2003): 
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                                                            (6-28) 
 
Assuming the fins to be melted down along the tube inner surface (Webb, 1994), it had 
the following equivalent area equation:  
 
2
4i c
d dπδ =                                                                                                               (6-29) 
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So the thicknessδ of the melted film is: 
 
2
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 The equivalent diameter is: 
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The diameter ratio is: 
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And the area ratio is: 
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Therefore, the liquid-only frictional factor lof  in the helical wire-inserted tubes is: 
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                                                           (6-34) 
 
Figure 6.10 provides a comparison of correlated data by a pressure drop correlation 
(6-34) to the experimental data. It can be seen that the new pressure drop correlation 
predicted the majority (i.e. 78%) of the experimental data within a 20% mean deviation, 
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which is regarded as acceptable. 
 
6.5 Conclusion 
 
This chapter discusses and presents the flow regime transition qualities for condensing 
three refrigerants in the three helical wire-inserted tubes with different pitches. The flow 
regime maps are obtained and compared with the results of the smooth tubes and 
micro-fin tubes. A further flow regime map comparison was obtained, including smooth 
tubes, micro-fin tubes, herringbone tubes as well as these helical wire-inserted tubes, 
which clearly showed their heat transfer enhancement levels (Figure 6.3). 
 
Meanwhile, the correlations of heat transfer coefficients and pressure drops condensing 
in the helical wire-inserted tubes were deduced from the contribution of the previous 
researchers in the field of enhanced heat transfer as well as the experimental data. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.1 Void fraction versus Froude rate parameter for condensing refrigerants 
R22, R134a and R407C in the helical wire-inserted tubes  
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Figure 6.2 Martinelli parameter versus the Froude rate parameter for condensing 
R22, R134a and R407C in the helical wire-inserted tubes with pitches of 5, 7.77 and 
11 mm 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.3 Comparison of flow pattern transitions (based on Thome’s flow regime 
map for plain tubes) for condensing R22, R134a and R407C in smooth, micro-fin, 
herringbone fin and helical wire-inserted tubes  
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Figure 6.4 Flow regime maps for condensation in the p5 helical wire-inserted tubes 
for (a) R22, (b) R134a and (c) R407C with images at mass fluxes of 300, 500 and  
800 kg/m2s 
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(c) 
Figure 6.5 Flow regime maps for condensation in the p7 helical wire-inserted tubes 
for (a) R22, (b) R134a and (c) R407C with images at mass fluxes of 300, 500 and 
800 kg/m2s 
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Figure 6.6 Flow regime map for condensation in the p11 helical wire-inserted tubes 
for (a) R22, (b) R134a and (c) R407C with images at mass fluxes of 300, 500 and  
800 kg/m2s 
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Figure 6.7 Thome flow regime maps for condensation in smooth tubes for  
(a) R22, (b) R134a and (c) R407C with images at 300, 500 and 800 kg/m2s 
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Figure 6.8 Liebenberg (2003) flow regime maps for condensation in the micro-fin 
tube with a helix angle of 18º for (a) R22, (b) R134a and (c) R407C with images at 
300, 500 and 800 kg/m2s 
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Figure 6.9 Comparison of author’s new heat transfer coefficient correlations 
versus experimental data for condensation in the helical wire-inserted tubes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.10 Comparison of author’s new pressure drop correlation versus 
experimental data for condensation in the helical wire-inserted tubes 
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CHAPTER 7: CONCLUSION AND RECOMMENDATIONS 
 
 
7.1 Introduction 
 
This chapter summarizes and concludes the findings of this research into heat transfer 
enhancement during condensation in smooth tubes with helical wire inserts. 
 
7.2 Experimental results of helical wire-inserted tubes and comparisons with the 
results of smooth tubes and micro-fin tubes 
 
Three refrigerants, R22, R134a and R407C, were condensed in helical wire-inserted 
tubes with pitches of 5, 7.77 and 11 mm. The flow patterns during condensation were 
observed and compared. The local and average heat transfer coefficients, and semi-local 
and average pressure drops were also systematically studied. The experimental results 
were compared and discussed with not only the referenced experimental data of smooth 
tubes, but also with the data of micro-fin tubes. 
 
7.2.1 Flow regime observations 
 
Figure 7.1 provides a representative comparison of flow regime observations for 
condensing R407C in smooth tubes, micro-fin tubes of 18°, and helical wire-inserted 
tubes with pitches of 5, 7.77 and 11 mm at a mass flux of 500 kg/m2s. 
 
Compared with the smooth tube counterpart, it is apparent that the condensation process 
in the helical wire-inserted tubes and micro-fin tubes ‘stretched out’ the annular flow to a 
much greater degree.  
 
From the progression of the flow regimes of R22 at a mass flux of 2300 kg/m s,  for 
smooth tubes, micro-fin tubes with a helix angle of 18º, and the three helical 
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wire-inserted tubes (c.f. Figures 5.45 and 5.102), it can be seen that the condensing 
processes were similar. At the high vapour qualities (i.e. 90%),x =  the flows in the 
helical wire-inserted tubes and in the micro-fin tubes with a helix angle of 18º are 
annular with a stable thin annular refrigerant liquid film. In both cases, the flows have a 
twisting nature, which is caused by the helix angle of helical wires or helical fins. In this 
regime, vapour shear would therefore control the heat transfer. The fins (wires or 
micro-fins) are very effective at mixing the liquid-vapour interface due to their exposure 
to the liquid-vapour interface. Meanwhile, surface tension drainage was expected to 
have a great effect in the area of the high vapour qualities. 
 
As the condensation process progressed, refrigerant liquid could be seen to accumulate 
at the bottom of the condenser tubes. Both of the helical wires and helical micro-fins 
produced very prominent secondary twisting flows. The ripples caused by the helical 
wires were rougher than those of the micro-fins. The observations also show that the 
wire and micro-fin helixes carried some liquid to the top of the tubes and held it there by 
vortex energy of the flow. The liquid is therefore redistributed around the circumference, 
and this changes the flow pattern from the intermittent flow regime to an effective 
annular flow regime, thus further enhancing the heat transfer in both cases. 
 
At the low vapour qualities (i.e. 4% 15%),x −  elongated slugs form and eventually, 
very prominent liquid waves are formed. The slug frequency, slug size, wave amplitude 
and wave frequency are apparently stochastic in nature. The refrigerant eventually 
became sub-cooled liquid under the action of the dominating gravity force, but the slugs 
or plugs produced by the helical wires are larger than those produced by the micro-fins. 
 
The inserted helical wires apparently delay the transition from an annular flow to an 
intermittent flow by approximately 10% 15%,x −  and the micro-fins delay the 
transition from an annular flow to an intermittent flow by approximately 
15% 20%.x −   This process produced a higher enhancement of the heat transfer of 
micro-fins compared to that of the helical wires.  
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Figure 7.1 Comparison of flow regime observations for condensing R407C in 
smooth tubes, micro-fin tubes of 18°, and helical wire-inserted tubes with pitches 
of 5, 7.77 and 11 mm at a mass flux of 500 kg/m2s 
 
The progression of flow regimes of condensing R22 at mass fluxes of 500 kg/m2s and 
800 kg/m2s, for micro-fin tubes with a helix angle of 18º and the three helical 
wire-inserted tubes (c.f. Figures 5.46, 5.47 and Figures 5.103, 5.104) can be seen to be 
similar to those at a mass flux of 300 kg/m2s. For helical wire-inserted tubes, the annular 
flow regime progressed to the intermittent flow regime at lower vapour qualities (55% 
R407C Smooth Micro-fin, 18º P = 5 mm  P = 7.77 mm   P = 11 mm 
CH0 
x (%) 97.40 96.00 97.49 86.44 90.90 
CH1 
x (%) 78.10 76.80 54.50 54.85 60.63 
 
 
CH2 
 
 
x (%) 46.90 47.10 27.51 30.60 35.08 
CH3 
x (%) 23.60 23.10 3.18 8.65 14.01 
CH4 
 
x (%) 7.00 6.80 0 0 0 
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for 500 kg/m2s and 50% for 800 kg/m2s) than in the case for a flow at 300 kg/m2s (60%). 
However, for micro-fin tubes with a helix angle of 18º, the annular flow regime 
progressed to the intermittent flow regime at lower vapour qualities (respectively 50% 
for 500 kg/m2s and 40% for 800 kg/m2s) than in the case for a flow at 300 kg/m2s (also 
60%). Stratified waves form at very low vapour qualities for both the helical 
wire-inserted tubes and the micro-fin tubes, after which the flows become fully 
condensed, but with the appearance of occasional elongated and highly twisting bubbles. 
The only difference is that the formed bubbles in the helical wire-inserted tubes are 
larger than those in the micro-fin tubes.  
 
7.2.2 Heat transfer enhancements  
 
The average heat transfer coefficients and local heat transfer coefficients are augmented 
during condensation in both the helical wire-inserted tubes and micro-fin tubes, which 
can be observed in Figures 7.2 and 7.3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.2 Average heat transfer coefficient comparisons of condensing R407C in 
helical wire-inserted tubes with pitches of p = 5, 7.77 and 11 mm, and in micro-fin 
tubes with helix angles of 10º, 18º and 37º 
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Figure 7.3 Local heat transfer coefficient comparisons of condensing R22 in helical 
wire-inserted tubes with pitches of 5, 7.77 and 11 mm, and in micro-fin tubes with 
helix angles of 10º, 18º and 37º at a mass flux of 500 kg/m2s 
 
The trends of average heat transfer coefficients for the three refrigerants rise in 
conjunction with increasing mass fluxes. The heat transfer coefficients of R134a are 
always highest in the test range of mass fluxes, followed by R22 and then R407C.  
 
The heat transfer coefficients also increased with increasing vapour qualities at constant 
mass fluxes, irrespective of the type of helical wire inserts or refrigerants. The 
semi-local heat transfer data also shows that, at low mass fluxes 2(G  500 kg/m s)≤  and 
higher vapour qualities (   60%),x ≥  for all three kinds of helical wire-inserted tubes, 
R22 and R134a had increasing slopes. 
 
The inserted helical wires enhance the heat transfer coefficients by 1.58 − 2.65 times 
compared to the counterpart smooth tubes, and the micro-fins enhance the heat transfer 
coefficients by 2.24 − 4.56 times compared to the counterpart smooth tubes. These 
enhancement factors for helical wire-inserted tubes (average and local) are shown in 
Figures 7.4 and 7.5. 
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Figure 7.4 Heat transfer enhancement factors (EFs) versus mass fluxes for 
condensing R407C at different pitches 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.5 Semi-local heat transfer enhancement factors (EFs) versus vapour 
qualities for condensing R407C in helical wire-inserted tubes with a pitch of 5 mm 
at mass fluxes of 300, 500 and 800 kg/m2s 
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but the trends are very close at the low vapour qualities. At high vapour qualities, for 
high mass fluxes, there are large differences between these pressure gradients. Both 
average pressure drops and semi-local pressure gradients are typically shown in Figures 
7.6 and 7.7. 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.6 A comparison of average pressure drops for condensing R407C in 
helical wire-inserted tubes with pitches of p = 5, 7.77 and 11 mm, and in micro-fin 
tubes with helix angles of 10º, 18º and 37º 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.7 A comparison of semi-local pressure drop gradients for condensing R22 
in helical wire-inserted tubes with pitches of 5, 7.77, and 11 mm, and in micro-fin 
tubes with helix angles of 10º, 18º and 37º at a mass flux of 500 kg/m2s 
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The inserted helical wires produce pressure drop factors by 2.33 − 6.28 times compared 
to their smooth tube counterpart and the micro-fins produce pressure drop penalty 
factors of 1.42 − 7.77 times compared to their smooth tube counterpart. These pressure 
drop penalty factors for helical wire-inserted tubes (average and local) are shown in 
Figures 7.8 and 7.9. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.8 Pressure drop penalty factors (PFs) versus mass fluxes for condensing 
R407C in helical wire-inserted tubes  
 
 
 
 
 
 
 
 
 
 
 
Figure 7.9 Semi-local pressure gradient penalty factors (PFs) versus average 
vapour qualities for condensing R407C in the helical wire-inserted tubes with a 
pitch of 11 mm at mass fluxes of 300, 500 and 800 kg/m2s 
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G
(kg/m2s) R22 R134a R407C Ave R22 R134a R407C Ave R22 R134a R407C Ave
300 1.91 2.65 2.23 2.26 2.78 4.20 4.25 3.74 0.68 0.63 0.53 0.61
400 2.08 2.13 2.20 2.14 3.30 3.82 4.27 3.80 0.63 0.56 0.51 0.57
500 1.98 1.97 2.07 2.00 2.33 3.87 3.85 3.35 0.85 0.51 0.54 0.63
600 1.94 1.89 1.91 1.91 2.86 3.27 3.09 3.07 0.68 0.58 0.62 0.62
700 1.99 2.03 2.02 2.02 3.22 3.22 3.44 3.30 0.62 0.63 0.59 0.61
800 2.11 1.90 1.94 1.98 3.54 3.37 2.90 3.27 0.60 0.57 0.67 0.61
Ave 2.00 2.10 2.06 2.05 3.01 3.62 3.63 3.42 0.68 0.58 0.58 0.61
300 1.76 2.29 1.79 1.95 3.55 4.77 5.26 4.52 0.50 0.48 0.34 0.44
400 1.70 1.96 1.95 1.87 3.82 3.93 5.18 4.31 0.44 0.50 0.38 0.44
500 1.74 1.85 1.88 1.82 3.61 3.95 4.53 4.03 0.48 0.47 0.41 0.45
600 1.58 1.68 1.79 1.68 3.34 3.43 4.31 3.70 0.47 0.49 0.41 0.46
700 1.64 1.73 1.80 1.73 3.70 3.41 4.17 3.76 0.44 0.51 0.43 0.46
800 1.68 1.69 1.80 1.73 3.83 3.69 4.10 3.87 0.44 0.46 0.44 0.45
Ave 1.68 1.87 1.83 1.80 3.64 3.86 4.59 4.03 0.46 0.48 0.40 0.45
300 1.73 2.05 1.62 1.80 3.75 4.20 6.28 4.74 0.46 0.49 0.26 0.40
400 1.62 1.76 1.69 1.69 3.79 3.15 3.81 3.58 0.43 0.56 0.44 0.48
500 1.63 1.72 1.58 1.64 3.36 3.42 3.07 3.29 0.48 0.50 0.51 0.50
600 1.58 1.68 1.60 1.62 3.18 3.29 3.31 3.26 0.50 0.51 0.48 0.50
700 1.63 1.72 1.69 1.68 3.46 3.20 3.13 3.26 0.47 0.54 0.54 0.52
800 1.61 1.66 1.67 1.65 3.34 3.34 3.26 3.31 0.48 0.50 0.51 0.50
Ave 1.63 1.76 1.64 1.68 3.48 3.43 3.81 3.57 0.47 0.52 0.46 0.48
OE
p5
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EF PF
Figure 7.9 shows that some PF values at a mass flux of 800 kg/m2s fall within the PF 
region between 300 kg/m2s and 500 kg/m2s. As found and indicated in this research, the 
scattered experimental points of the semi-local PF, are caused possibly by different tube 
lengths between the helical wire-inserted tubes and the smooth tubes. This different tube 
length produces a markedly different experimental condition at a semi-local 
experimental level, especially affecting sensitive pressure measurement  
(c.f. Section 5.6.4). 
 
7.2.4 Overall efficiencies  
 
As listed in Table 7.1, the helical wires of p5, p7 and p11 produce overall efficiencies of 
OEp5 = 0.61, OE p7 = 0.45 and OE p11 = 0.48. The micro-fins with helix angles of 10°, 18° 
and 37° produce overall efficiencies of, respectively, OE10° = 1.29, OE18° = 0.89 and 
OE37° = 0.98 (c.f. Table 5.2). The effect of helix angles on the heat transfer performance 
of both helical wire-inserted tubes and micro-fin tubes is shown in  
Figure 7.10. Both average and local overall efficiencies are determined and presented in 
Figures 7.11 and 7.12. 
 
Table 7.1 Overall efficiency (OE) for helical wire-inserted tubes 
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Figure 7.10 Effect on overall efficiencies of helix angles between helical 
wire-inserted tubes and micro-fin tubes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.11 Overall efficiencies (EF / PF) versus mass fluxes for condensing R407C 
in helical wire-inserted tubes with different pitches  
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Figure 7.12 Overall efficiencies (EF / PF) versus average vapour qualities for 
condensing R407C in helical wire-inserted tubes with a pitch of 7.77 mm at mass 
fluxes of 300, 500 and 800 kg/m2s 
 
7.3 Flow regime transitions and a flow regime map for helical wire-inserted tubes 
 
Annular flow is very important to enhance the heat transfer during condensation, as 
described in this research. The transitional vapour qualities between annular and 
intermittent flows were correlated as follows: 
 
15/9 1/9
1 0.484 l vIA
v l
x ρ μρ μ
−⎡ ⎤⎛ ⎞ ⎛ ⎞⎢ ⎥= + ⎜ ⎟ ⎜ ⎟⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦
                                                                            (7-1) 
 
From this correlation, the transitional qualities for condensing refrigerants R22, R134a 
and R407C in the helical wire-inserted tubes were determined as 37%, 35% and 41%, 
respectively. These transitional qualities were used to generate the new flow regime 
maps, which agree well with the images captured by the mini-video cameras, as shown 
in Figure 7.13 (c.f. Figures 6.4 to 6.6) for condensing R407C in helical wire-inserted 
tubes. 
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Figure 7.13 A flow regime map for condensing R407C in the p5 helical 
wire-inserted tubes with images at mass fluxes of 300, 500 and 800 kg/m2s 
 
A further flow regime map comparison was produced that includes smooth tubes, 
micro-fin tubes, herringbone tubes as well as the helical wire-inserted tubes  
(c.f. Figure 7.14).  
 
 
 
 
 
 
 
Figure 7.14 A comparison of experimental transitions (based on Thome’s flow 
regime map for plain tubes) for condensing R22, R134a and R407C in smooth, 
micro-fin, herringbone as well as the present helical wire-inserted tubes 
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7.4 New heat transfer coefficient correlations for helical wire-inserted tubes 
 
The heat transfer coefficients were classified as 600G ≥ kg/m2s and 600G < kg/m2s. The 
predictive correlations were regressed as follows: 
 
( ) ( )0.13210.8 0.263 sin0.05 Re Prl eq l
h i
k eh Bo Fr
d pd
β − −⎛ ⎞= ⋅⎜ ⎟⎝ ⎠          ( )2600 kg/m sG ≥          (7-2) 
 
and: 
 
( ) ( )0.13210.8 0.26 0.28793 sin0.014 Re Prl eq l
h i
k eh Bo Fr x
d pd
β − −⎛ ⎞= ⋅⎜ ⎟⎝ ⎠     ( )2600 kg/m sG <   (7-3) 
 
7.5 New pressure drop correlations for helical wire-inserted tubes 
 
The following frictional factor correlation was deduced for helical wire-inserted tubes to 
predict the pressure drops: 
 
0.52
0.75
0.2
2
2
1
10.046Re
cos1
4
c
i
lo l
c
i
d
d
f
d
d
π β
−
⎡ ⎤⎛ ⎞⎢ ⎥− ⎜ ⎟⎢ ⎥⎝ ⎠ ⎛ ⎞⎣ ⎦= ⎜ ⎟⎝ ⎠−
                                                             (7-4) 
 
Therefore, the pressure drops could be determined according to the following steps: 
 
( )222 1lo
lo
l i
f G x L
p
dρ
−Δ =                                                                                             (7-5) 
 
2
f lo lp pΔ = Δ Φ                                                                                                            (7-6) 
 
0.5 0.1 0.91v l
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l v
xX
x
ρ μ
ρ μ
⎛ ⎞ ⎛ ⎞ −⎛ ⎞= ⎜ ⎟ ⎜ ⎟ ⎜ ⎟⎝ ⎠⎝ ⎠ ⎝ ⎠
                                                                                  (7-7) 
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2 7.2421.376
1.655l ttX
Φ = +                                                                                               (7-8) 
 
( )
( )
( )
( )
2 2
2 1 1
1 1
o io i
m
v o l o v i l i
x xx xp G ρ ε ρ ε ρ ε ρ ε
⎧ ⎫⎡ ⎤ ⎡ ⎤− −⎪ ⎪Δ = − + − +⎢ ⎥ ⎢ ⎥⎨ ⎬− −⎢ ⎥ ⎢ ⎥⎪ ⎪⎣ ⎦ ⎣ ⎦⎩ ⎭
                                           (7-9) 
 
total m fp p pΔ = Δ + Δ                                                                                                    (7-10) 
 
7.6 Conclusion and recommended future research 
 
Future investigations should alter the wire diameters of the inserted wires, to produce a 
greater amount of experimental data, to meet the demands of application and 
fundamental research. 
 
Another aspect to be considered in future experiments is the set-up of smaller changes of 
sectional vapour qualities. More temperature and pressure measurement points should 
be established on the condenser subsections, in order to capture the local conditions 
more effectively and accurately. However, this will necessitate the purchase of 
additional data acquisition hardware for the required additional data channels. 
 
It is evident that the work and the objectives set out for this research project have been 
fulfilled, and the presentation can thus be concluded. 
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APPENDIX A: EXPERIMENTAL PARAMETERS 
 
 
Table A.1 Properties of test refrigerants at tsat = 40 °C 
Property R22 R134a R407C 
Chemical formula CHCIF2 CH2FCF3 
R32: CH2F2 
+ 
R125: CHF2CF3 
+ 
R134a: CH2FCF3 
Liquid density, lρ  (kg/m3) 1128.6 1147 1068 
Vapour density, vρ (kg/m3) 66.19 50.09 68.11 
/l vρ ρ  17.0 25.0 15.7 
Latent heat, liquid vapour (kJ/kg) 166.12 163.23 163.90 
Liquid thermal conductivity, lk  (W/mK) 0.07688 0.07471 0.07980 
Vapour thermal conductivity, vk  (W/mK) 0.01302 0.01544 0.1570 
Liquid-specific heat, ,p lc  (kJ/kg °C) 1.343 1.500 1.651 
Vapour-specific heat, ,p vc  (kJ/kg °C) 0.97 1.12 1.29 
Liquid viscosity,  µl   (µPa · s) 139.4 163.4 125.2 
Vapour viscosity, µv   (µPa · s) 13.52 12.55 13.63 
/l vμ μ  10.31 13.02 9.18 
Liquid Prandtl number, lPr  2.4 3.6 2.6 
Surface tension (N/m) 0.00604 0.00613 0.00487 
Molecular weight (g/mol) 86.48 102.03 86.20 
Boiling temperature (oC) -40.9 -26.1 -44.0 
Vapour pressure (MPa) 1.534 1.017 1.539 
Reduced pressure 0.312 0.253 0.332 
Composition (% in weight) R22 (100%) R134a (100%) R32+R125+R134a 23%+25%+52% 
GWP (Global Warming Potential) 1700 1300 1530 
ODP (Ozone Depleting Potential) 0.05 0.00 0.00 
Safety group (ASHRAE Standard 34) A1 A1 A1 
Temperature glide (oC) 0 0 7 
 
The contents are adapted from REFPROP v6.01 (NIST2000) and Solkane Refrigerants Technical Data v3.1. 
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Table A.2 Instrumentation ranges and uncertainties for measurement 
95% Uncertainty Quantity Usage Equipment Range Gmin Gmax 
Temperature 
Attached to the tube surface to 
measure the temperature of water 
and refrigerant 
RTD, Pt-100 -27 − +95 oC 0.14 K 0.04 K 
Temperature 
calibration 
To  check the state of RTD 
Pt-100 
Mercury-in-glass       
thermometer: Gallenkamp Room temperature 0.03 
oC 
Pressure (low) Outlet of tested condenser etc. Gems Sensor, UK 
0 − 1500 kPa 
5 − 2000 Hz 
vibrations 
Pressure 
(high) 
Inlet of tested condenser 
 Gems Sensor, UK 
0 − 4000 kPa 
5 − 2000 Hz 
vibrations 
Pressure 
(medium) 
Intermediate of tested 
condenser Gems Sensor, UK 
0 − 2000 kPa 
5 − 2000 Hz 
vibrations 
0.28% 0.18% 
 
Pressure  
(water flow) 
Water pressure when it flowed 
through the wire inserted glass 
tube 
Manometer 
(Hg) 0 − 100 mmHg 0.5 mm Hg 
Mass flow 
rate (water) 
 
Connected to the cooling water 
loop 
Coriolis flow meter: 
Micro motion Inc., 
Boulder, CO Sensor 
CMF025M009NB 
Transmitter 
RFT9739R2SBS 
0 − 0.3 kg/s 
(nominal range) 
0.6 kg/s 
(maximum) 
0.15% 0.40% 
Mass flow 
rate 
(refrigerant) 
Connected to the 
refrigerant loop 
Coriolis flow meter: 
Micro motion Inc., 
Boulder, CO Sensor 
CMF025M320NB 
Transmitter 
RFT9739E4SBB 
0 − 0.9 kg/s 
(nominal range) 
1.9 kg/s 
(maximum) 
0.31% 0.15% 
Average heat 
transfer 
coefficient 
   ±  7% ±  40% 
Average heat 
transfer 
coefficient 
   ±  15% 
Tube length Inner and outer tubes Tape measure 0 − 20 m ±  1 mm 
Wire length Helical spring wires Tape measure 0 − 6 m ±  1 mm 
Tube diameter Inner and outer tubes Dial caliper 0.01 − 20 mm  ±  0.025 mm 
Wire diameter Helical spring wires Micrometer 0.01 − 5 mm ±  0.001 mm 
Temperature 
(DAQ) 
Connect RTDs to PC to 
collect the data of temperatures 
National instruments, 
Austin, TX, USA 
SCXI-1100 
32-Channel 
Multiplexer 
±  10 V, 4 − 20 mA 
inputs 250 kS/s 
Max. scanning rate   
4 Hz and 10 kHz 
lowpass filters 
Gains: 0.01 − 2000 
±  0.03% 
Pressure mass 
flow rate 
(DAQ) 
 
Connect pressure transducers to 
PC to collect  the data of 
temperatures 
National instruments, 
SCXI-1122 
16-Channel 
transducer 
Multiplexer 
±  10 V, 4 − 20 mA 
inputs 250 kS/s 
Max. scanning rate   
4 Hz and 10 kHz 
lowpass filters 
Gains: 0.01 − 2000 
±  0.25% 
Video images 
 
Take pictures of the two-phase 
flow regime  
Digital video camera 
(Panasonic) with frame 
grabbing card (Flashpoint 
3D, Integral Technologies 
Inc.) 
380 TV line 
resolution electronic 
shutter (1/60 −  
1/10 000 s), 3.6 mm 
lens f/2.0 
- 
Pitch 
 
To check the uniform 
distribution of spring wires 
along the tube inner surface 
Ruler + tape measure 3 − 14 mm ±  0.1 mm 
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Table A.3 Geometric parameters of the tested inner tubes 
Tube type Smooth Micro-fin Helical wire-inserted 
Aim in this project referenced compared tested 
Tube number 1 2 3 4 5 6 7 
Helix angle, β, (o)  10 18 37 78.2 72.0 65.3 
Apex angle, γ , (o)  40 40 40    
Number of fins, n  60 60 60    
Fin base thickness, tb, 
(mm)  0.16 
0.1661 
 − 
0.1682 
0.1585 
− 
0.1595 
   
Outside  diameter, do, 
(mm) 9.52 9.65 9.55 
9.55  
−  
9.75 
9.52 9.52 9.52 
Inside  diameter, di, 
(mm) 8.11 9.081 8.936 8.668 8.11 8.11 8.11 
Tube wall thickness, t, 
(mm) 0.705 0.292 
0.302 
−  
0.312 
0.445 
−  
0.447 
0.705 0.705 0.705 
Fin height, e, (mm)  
0.194 
− 
0.216 
0.198 
− 
0.2197 
0.182 
− 
0.229 
0.5 0.5 0.5 
           Material 
 
Hard-drawn 
copper 
Hard-drawn copper Hard-drawn copper tubes Stainless steel wires 
Overall condenser 
length, (m) 12 11 9 6 8 8 8 
Condenser  
subsection length,  
(m) 
1.5 1.375 1.12 0.75 1.0 1.0 1.0 
 
Data for micro-fin tubes adapted from Liebenberg (2003). 
 
 
 
 
 
 
 
 
 
 
 230
 
APPENDIX B: VISUALIZATION OF WATER FLOWING 
THROUGH HELICAL WIRE-INSERTED GLASS TUBES 
 
 
B.1 Introduction 
 
In order visually to understand and extend the knowledge of how the wire inserts affect 
the flow and improve the heat transfer performance, this special individual experiment 
was designed. The experimental results obtained from water flowing through the helical 
wire-inserted tubes are presented and discussed in this appendix. 
 
B.2 Theoretical calculation and manufacture of the test sections  
 
Five glass tubes with inside diameters of 8.11 mm and lengths of 450 mm each were 
selected in this experiment. One glass tube was kept in its original smooth inner tube 
state and used as a reference in the experiment. The other four glass tubes were inserted 
by helical wires with different pitches of 5 mm, 8 mm, 11 mm and 14 mm respectively 
(Figure B.1), to partly simulate the flow situation in the condensers of tube-in-tube heat 
exchangers with similar helical wire-inserted in the inner tubes. 
 
B.2.1 Calculation for a smooth glass tube 
 
The Reynolds number in a smooth glass tube: 
 
sRe i i
ud ud
v
ρ μ= =                                                                                                                                                       (B-1) 
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Figure B.1 The tested tubes with helical wire inserts 
 
The volume of water flowing through its cross-section in time t is: 
 
2
4 i
V tuS tu dπ= =                                                                                                      (B-2) 
 
Therefore, the velocity of the flowing water is: 
 
2
4
i
Vu
tdπ=                                                                                                                   (B-3) 
 
Representing Equation (B-3) into Equation (B-1): 
 
s 2
4 4 4Re i i i i
i i i
ud ud d dV V Vu
v v td v vtd vd t
ρ μ π π π= = = = = =                                                                  (B-4) 
 
ν = 1.146 x 10-6 (Pa·s) at T = 15 °C and di = 8.11 mm = 0.00811 m: 
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84Re 1.37 10s
i
V V
vd t tπ= = ×                                                                                                                              (B-5) 
 
The time to fill a container of 1 litre would be t = 20 s. 
According to Equation (B-5), let V = 1 l = 0.001 m3, at Re = 2 100 and Re = 10 000, the 
critical times were calculated t1 = 65 s and t2 = 13.7 s, i.e. 
                       
                       tt      < 13.7( t2)  −  65.27  ( t1 )   <  tl                                                                            (B-6)  
     turbulent flow        transitional flow        laminar flow 
 
The flow rate of water was: 
 
VM
t
ρ=&                                                                                                                   (B-7) 
 
B.2.2 Calculation for helical wire-inserted glass tubes 
 
The numbers of wires (fins) per unit length was expressed: 
 
Ln
p
=                                                                                                                        (B-8) 
   
The length of the wire per turn was calculated by: 
 
( ) 22 i cs p d dπ⎡ ⎤= + −⎣ ⎦                                                                                            (B-9) 
                                                                               
Therefore, the equivalent diameter (deq) of the helical wire-inserted tube was: 
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2 2
2 2
4 4 44
i c
i c
eq
i c i c
sd dL d dL sV V pPd L sS S d L d s d d
P p
π π
π π
−−
= = = =
+ +
                                               (B-10) 
 
where V was the total volume of free space for flow, S was the total wet surface and L 
was the sectional length. 
 
B.3 The flow rates varying with the pitches of the inserted helical wires 
 
The experiment (Figure B.2) was designed such that all five tested tubes were connected 
to one main tube with a diameter of 25 mm (its sectional area was five times larger than 
the sectional area of the tested tube). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure B.2 The experimental set-up for manifold branch tubes: (a) viewed from 
the back and (b) from the front  
 
(a) 
(b) 
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p14 p11 p8 p5 
Smooth tube 
The experimental set-up of manifold tubes in parallel illustrated how inserted helical 
wires affected the flow at the same pressure drop. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure B.3 The flowing shapes at outlets of the tubes as water flowed through the 
helical wire-inserted tubes with different pitches during laminar flow in the 
smooth tube (Res = 1957, tl  = 70 s): (a) all together and (b) individually 
 
Figure B.3 contains the visual images of the water flowing at a low water flow rate 
where there was a laminar flow in the smooth tube. It can be seen that the water flow was 
affected by much more swirling as the pitch of the helical wires was decreased. This is 
mainly because the larger helix angles (smaller pitches) produce strong flow swirling 
and, secondly, the higher wire (fin) density will increase the flow friction to the tube wall. 
(b) 
(a) 
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Similar phenomena are found in the transitional flow and turbulent flow regimes as 
shown in Figures B.4 and B.5. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure B.4 The flowing shapes at outlets of the tubes as water flowed through the 
helical wire-inserted tubes with different pitches during transitional flow in the 
smooth tube (Res = 6227, ttran = 22 s) 
 
 
 
 
 
 
 
 
 
 
 
Figure B.5 The flowing shapes at outlets of the tubes as water flowed through the 
helical wire-inserted tubes with different pitches during turbulent flow in the 
smooth tube (Res =12 455, tt = 11 s) 
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B.4 The pressure drops varying with the pitches of the inserted helical wires 
 
The experiment (Figure B.6) was designed to test the pressure drops of each test tube at 
the same mass flow rates. There were different Reynolds numbers according to Equation 
(B-10) at different pitches. The Reynolds numbers expressed in Equation (B-11) were 
smaller than the Reynolds number in the smooth tube and the operational ranges were 
listed in Table B.1. 
 
8Re (1.03 1.21) 10s
V
t
= − × ⋅                                                                                     (B-11) 
 
Applying the same calculation to Equation (B-11), the flow transitional criteria are 
obtained: 
 
                       tt         <      10 (t2)  − 57 (t1)        <   tl                                                      (B-12) 
         turbulent flow        transitional flow          laminar flow 
 
Table B.1 Some parameters of helical wire-inserted tubes 
     (a) Not manufactured and tested in this appendix. 
 
These pressure drops were measured individually in different flow patterns of laminar, 
transitional and turbulent flows. Their relevant times for filling a 1 litre container were 
65, 30 and 8 s under their flow rates ( M& ) of 0.015, 0.033 and 0.125 kg/s. 
 
dc di p s deq di-dc 8e qR 1 0
V
t
⎛ ⎞× ×⎜ ⎟⎝ ⎠
 
0.5 8.11 5 24.42 6.12 7.61 1.03 
(a) 0.5 8.11 7.77 25.14 6.68 7.61 1.13 
0.5 8.11 8 25.21 6.71 7.61 1.13 
0.5 8.11 11 26.32 7.00 7.61 1.18 
0.5 8.11 14 27.71 7.17 7.61 1.21 
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Figure B.6 The experimental set-up for the pressure drop test: (a) view from front, 
and (b) view from back 
 
The experimental data of pressure drops is collected in Table B.2. It is apparent that the 
difference in turbulent flow is much greater than in the other flow ranges. In laminar 
flow, the pressure drop differences are very small, so that the effect by inserting helical 
(b) 
(a) 
Manometer 
Test tube
Flowmeter
Manometer Fowmeter 
Test tube
Flowing 
water 
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smooth
wire can be ignored (as shown in Figure B.7). 
 
Table B.2 Experimental data of pressure drop test 
 
 
Figure B.7 The pressure drops versus pitches of the five test tubes during laminar, 
transitional and turbulent flows 
 
pressure drop 
laminar transitional turbulent pitch 
(mm) 
(mmHg) (kPa) (mmHg) (kPa) (mmHg) (kPa) 
smooth 0.00 0.00 0.20 0.16 5.20 0.69 
14 0.05 0.01 2.90 0.39 13.50 1.80 
11 0.10 0.01 3.10 0.41 15.60 2.08 
8 0.20 0.03 3.30 0.44 17.20 2.29 
5 0.50 0.07 5.60 0.75 24.80 3.31 
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Figure B.8 The flowing shapes at outlets of the tubes as water flowed through the 
helical wire-inserted tubes with different pitches during laminar flow in the 
smooth tube ( M& = 0.015 kg/s, tl = 65 s) 
 
 
 
 
 
 
 
 
Figure B.9 The flowing shapes at outlets of the tubes as water flowed through the 
helical wire-inserted tubes with different pitches during transitional flow in the 
smooth tube ( M& = 0.033 kg/s, ttran = 30 s) 
 
The images of water flowing through outlets are illustrated from Figures B.8 to B.10, 
further confirming the previous explanation that water flow is caused to be turbulent by 
the inserted helical wires. Water flows swirling at the outlets of the helical wire-inserted 
tubes as shown in Figures B.8 and B.9. Furthermore, water is totally turbulent because 
of the inserted wires and spreading out at outlets of the tubes during turbulent flow, as 
illustrated in Figure B.10. 
Smooth tube p11 p8 p5 p14 
Smooth tube p14 p11 
p8 p5 
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Figure B.10 The flowing shapes at outlets of the tubes as water flowed through the 
helical wire-inserted tubes with different pitches during turbulent flow in the 
smooth tube ( M& = 0.125 kg/s, tt = 8 s) 
 
B.5 Conclusion 
 
1. The water flows and their pressure drops were much affected in the turbulent flow            
regime by the helical wire inserts. 
 
2. The pressure drops decreased as the pitches increased in all ranges of flow patterns 
from laminar flow to turbulent flow. 
 
3. The p5 (pitch = 5 mm) helical wire insert caused the largest pressure drops among the 
tested series of helical wire inserts. 
 
4. The helical wire inserts had a very limited effect on the laminar flow but a great effect 
on the turbulent flow. 
 
5. The tested geometric structures produced flow separation and secondary swirl flow 
which prompted turbulence and, hence, better mixing and, consequently, increased heat 
transfer (if used in the heat exchangers as expected). 
Smooth tube 
p5 p8 
p11 p14 
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B.6 Nomenclature  
 
Symbol    Description                                                                                   Unit 
 
Roman symbols 
 
A area                                                                                               (m2) 
Cp specific heat                                                                                 (J/kg. K) 
d diameter of inner tube                                                                  (m) 
dc diameter of wire                                                                          (m) 
deq equivalent diameter =
4 volumeof free space for flow
Total wetted surface
×           (m) 
di   inside diameter of inner tube                                                        (m) 
e rib, fin  or roughness height  ( e = dc )                                          (m) 
k thermal conductivity                                                                     (W/m. K) 
L length of the test section                                                               (m) 
Ls length of the spring (or wire)                                                        (m) 
l length of the wire                                                                          (m) 
M&   water mass flow rate                                                                    (kg/s) 
N number of wires                                                                            - 
P pressure                                                                                        (Pa) 
pc critical pressure                                                                                                                  (Pa) 
ΔP pressure drop                                                                                (Pa, bar) 
p pitch of the helical wire                                                                (m) 
p5 pitch of the helical wire = 5                                                         (mm) 
p8 pitch of the helical wire   = 8 (mm) 
p11 pitch of the helical wire   = 11       (mm) 
p14 pitch of the helical wire   = 14                                                      (mm) 
s length of the helical wire per turn                                               (m) 
t the time to fill a one litre container by water flow                       (s) 
t1 transitional time from laminar flow to transitional flow for 
filling a 1 litre container                                                               (s) 
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t2 transitional time from transitional flow to turbulent flow for 
filling a 1litre container                                                                (s) 
u velocity of the liquid                                                                    (m/s) 
V volume of free space for flow                                                      (m3) 
 
Dimensionless parameters 
 
Re   Reynolds number = uD/ν = ρuD/μ                                                  - 
 
Greek letters 
 
ρ    density                                                                                             (kg/m3) 
μ   dynamic viscosity                                                                           (N.s/m2) 
ν   kinematic viscosity                                                                         (m2/s) 
 
Subscripts 
 
c   coil  
eq           equivalent 
i   inside 
in   inlet 
l              laminar 
o   outside  
out   outlet 
s              smooth 
t              turbulent 
tran         transitional 
 
 
 243
B.7 References 
 
Chironis N.P. (1961), Spring design and application, McGraw-Hill, New York.  
Decarlo J.P. (1984), Fundamentals of flow measurement. Instrument Society of 
America, North Carolina. 
Housner G. (1959), Applied mechanics dynamics, Van Nostrand. 
Knudsen J.G. and Katz D.L. (1958), Fluid dynamics and heat transfer, McGraw-Hill, 
New York. 
Michael M. (1996), Facility piping systems handbook, McGraw-Hill, New York. 
Mises R. von. (1971), Fluid Dynamics, Springer-Verlag. 
Paterson A.R. (1983), First course in fluid dynamics, Cambridge University Press, 
Cambridge. 
Roberts J.A. (1956), Spring design and calculations, Technical Research Laboratory, 
Redditch. 
Van Dyke M. (1982), An album of fluid motion, Stanford, California, The Parabolic 
Press.  
Veret C. (1987), Proceedings of the fourth international symposium on flow 
visualization, August 26-29, 1986, Ecole Nationale Superieure de Techniques Avancees, 
Paris, France, Hemisphere Pub. Corp., Washington, DC 
Ward-Smith A.J. (1980), Internal fluid flow: the fluid dynamics of flow in pipes and 
ducts, Clarendon Press, Oxford University Press, New York. 
Yang W.J. (1985), Proceedings of the third international symposium on flow 
visualization, September 6-9, 1983, University of Michigan, Ann Arbor, Michigan, 
USA, Hemisphere Pub. Corp. 
 244
 
APPENDIX C: INVESTIGATION OF CONDENSATION WITH ATTACHED WIRES 
 
 
Table C.1 Condensation inside tubes with wire and repeated ribs attached 
 
Correlation Authors 
(date) 
Refrigerants 
or  
fluids 
Models of heat 
transfer 
Mass flux 
(kg/m2s) 
Heat flux 
(W/m2) EF PF Heat transfer Pressure drop 
Thomas (1967) Steam, water Axial wires on vertical tube - 
6.3×104 − 
105  
2.14 
and 
3.53 
 
- 
1/33/ 24 5/ 2 32.5 2.51 1c c c c
o
Nd Nd g L Ndh a
h d d dν
σ
π π π
⎡ ⎤⎛ ⎞⎛ ⎞ ⎛ ⎞ ⎛ ⎞⎢ ⎥= − + −⎜ ⎟⎜ ⎟ ⎜ ⎟ ⎜ ⎟Γ⎝ ⎠ ⎝ ⎠ ⎝ ⎠⎢ ⎥⎝ ⎠⎣ ⎦
   N/A 
Luu and 
Bergles (1980) R113 
Spirally fluted tube, 
Repeated-rib tube, 
β =72°, 60.5° - - 
 
1.5 
− 
1.8 
 
 
 
1.5 
0.5 0.5
0.8 0.222
0.430.024 Pr
2
m min outl h
l
h l i
k Gd eh
d pd
ρ ρ
ρ ρ
μ
⎡ ⎤⎛ ⎞ ⎛ ⎞⎢ ⎥−⎜ ⎟ ⎜ ⎟⎢ ⎥⎝ ⎠ ⎝ ⎠⎛ ⎞ ⎛ ⎞ ⎣ ⎦= ⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠
 N/A 
Wang (1987) R12 wire inserts - - 
 
1.35 
− 
1.40 
 
10 ( ) ( )
1/ 4
2
l
40.75
1
g
i
s s
dh
p e
h p p e r
σ
ρ
= + −
−
⎛ ⎞⎜ ⎟⎜ ⎟⎝ ⎠
 N/A 
Agrawal et al. 
(1998) R22 wire inserts 
200  
−  
372 
9000 
−  
28 000  
 
2 - 
1
( )
ln( / )
( ) 2
i sat wo i
o i
w p wo wi ww
d L t t d
h d d
m C T T k
π
−
−= −−
⎡ ⎤⎢ ⎥⎢ ⎥⎣ ⎦
 N/A 
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APPENDIX D: EXPERIMENTAL DATA 
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D.1 Nomenclature 
 
 
Symbol Description Unit 
   
Cp Refrigerant: Specific heat capacity at constant pressure (kJ/kg.K) 
Cp(L) Refrigerant: Specific heat capacity at constant pressure, liquid phase (kJ/kg.K) 
Cp(V) Refrigerant: Specific heat capacity at constant pressure, vapour phase (kJ/kg.K) 
Cpw Water: Specific heat capacity at constant pressure (kJ/kg.K) 
Density Bulk density, from REFPROP (kg/m3) 
Density(L) Refrigerant: liquid phase density, from REFPROP (kg/m3) 
Density(V) Refrigerant: vapour phase density, from REFPROP (kg/m3) 
Energy bal Percentage energy balance (%) 
Enth(L) Refrigerant: Enthalpy of liquid phase, from REFPROP (kJ/kg) 
Enth(V) Refrigerant: Enthalpy of vapour phase, from REFPROP (kJ/kg) 
Entr(L) Refrigerant: Entropy of liquid phase, from REFPROP (kJ/kg.K) 
Entr(V) Refrigerant: Entropy of vapour phase, from REFPROP (kJ/kg.K) 
Entropy Entropy, from REFPROP (kJ/kg.K) 
Flowrate Measured flow rate (kg/s) 
Flowref Measured refrigerant flow rate (kg/s) 
Floww Measured water flow rate (kg/s) 
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G Refrigerant mass flux (kg/m2.s) 
hiAve Average refrigerant heat transfer coefficient (W/m2.K) 
hiLocal Semi-local heat transfer coefficient for refrigerant (W/m2.K) 
ho Semi-local heat transfer coefficient for water-cooled annulus (W/m2.K) 
hoAve Average heat transfer coefficient in water-cooled annulus (W/m2.K) 
LMTDave Average log-mean temperature difference (°C) 
P Measured pressure (MPa) 
Q Refrigerant heat flux (W) 
Quality Vapour quality (%) 
Surf tens Surface tension (N/m) 
T Saturation temperature, derived from measure pressure  (°C) 
ThermCon Bulk thermal conductivity (W/m.K) 
ThermCon(L) Refrigerant: Thermal conductivity of liquid phase, from REFPROP (W/m.K) 
ThermCon(V) Refrigerant: Thermal conductivity of vapour phase, from REFPROP (W/m.K) 
Tmeasured  Measured refrigerant temperature (°C) 
Tsatave Average saturation temperature (°C) 
Tw Condensing cooling water temperature (°C) 
Visc(L) Refrigerant: Viscosity of liquid phase, from REFPROP (μN.s/m2) 
Visc(V) Refrigerant: Viscosity of vapour phase, from REFPROP (μN.s/m2) 
Viscosity Bulk Viscosity, from REFPROP (μN.s/m2) 
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 D.2 Experimental data for helical wire-inserted tubes  
 
 
 
 
 
 
 
 
 
 
 249
 
Experimental data for condensing R22 in helical wire-inserted tubes with a pitch of p = 5 mm 
 
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-2-4 11:14
116.1442 1.870956 56.562745 479.3202 1.863031 0.856485 0 16.97415 0.017363 0 0.041579 116.1442 804.9007 0 0 31.74058 0 0 0 0 0 0 0 0 0 0 0 0 0.242818 15633.21 7669.793 13.90208 0 0 40.16259 0.683708
44.30327 1.700931 128.108364 408.4717 1.666437 1.057499 94.78034 19.97476 0.016793 0 0.041579 42.84508 804.9007 4179 2945.81 28.83756 1108.907 74.09469 255.4279 416.9 1.184093 1.693 1.370186 1.040279 132.2628 13.79093 0.07491 0.013593 0.242818 15633.21 7669.793 13.90208 15936.27 11939.09 40.16259 0.683708
42.19591 1.617436 460.25098 355.5716 1.502403 1.14273 62.78812 59.07111 0.036585 0 0.041579 40.82366 804.9007 4179.123 2199.534 26.67003 1118.513 70.12694 252.5975 416.6 1.175744 1.696 1.354487 1.017231 135.7026 13.65487 0.075871 0.013302 0.242818 15633.21 7669.793 13.90208 15936.27 8799.472 40.16259 0.683708
41.14021 1.576546 793.489237 302.818 1.335649 1.240257 31.26161 98.74389 0.056606 0 0.041579 38.8045 804.9007 4180 2193.442 24.50896 1123.345 68.19768 251.1619 416.4 1.171309 1.697 1.346655 1.006309 137.4727 13.58655 0.076361 0.013166 0.242818 15633.21 7669.793 13.90208 15585.52 6349.221 40.16259 0.683708
40.62921 1.557277 976.98246 273.7785 1.24303 1.295413 14.03857 120.7952 0.067679 0 0.041579 38.17711 804.9007 4180.043 1207.431 23.31936 1125.545 67.30203 250.4911 416.3728 1.168728 1.698 1.343455 1.001238 138.3089 13.55456 0.076593 0.013102 0.242818 15633.21 7669.793 13.90208 15213.6 4136.071 40.16259 0.683708
36.06599 1.529809 1146.709377 244.4301 1.149707 1.310866 0 146.5004 0.078797 0 0.041579 36.06599 804.9007 4180.662 1306.08 22.03277 0 0 0 0 0 0 0 0 0 0 0 0 0.242818 15633.21 7669.793 13.90208 0 0 40.16259 0.683708
27.20497 1.535391 1184.887963 233.0665 1.112257 1.261025 0 163.0521 0.083022 0 0.041579 27.20497 804.9007 4181.018 140.9636 21.89392 0 0 0 0 0 0 0 0 0 0 0 0 0.242818 15633.21 7669.793 13.90208 0 0 40.16259 0.683708
22.68784 1.52432 1202.735018 227.4254 1.0936 1.240105 0 171.8064 0.08512 0 0.041579 22.68784 804.9007 4181.171 479.3139 21.42181 0 0 0 0 0 0 0 0 0 0 0 0 0.242818 15633.21 7669.793 13.90208 0 0 40.16259 0.683708
22.39829 1.514878 1203.704417 227.0779 1.092414 1.238873 0 172.345 0.085248 0 0.041579 22.39829 804.9007 4181.26 -118.4711 21.5385 0 0 0 0 0 0 0 0 0 0 0 0 0.242818 15633.21 7669.793 13.90208 0 0 40.16259 0.683708
0.143654
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-2-4 12:00
118.1093 1.831489 54.788092 481.3794 1.870329 0.852939 0 17.03697 0.017467 0 0.036425 118.1093 705.1295 0 0 31.23116 0 0 0 0 0 0 0 0 0 0 0 0 0.224308 14646.71 6547.509 14.83413 0 0 40.48573 0.62672
44.21193 1.697277 147.531983 405.3864 1.656791 1.062918 92.89009 22.21864 0.017943 0 0.036425 42.60621 705.1295 4179 2768.053 28.2782 1109.272 73.91931 255.3183 416.8728 1.183728 1.693 1.369455 1.039455 132.4089 13.78456 0.074953 0.013579 0.224308 14646.71 6547.509 14.83413 14936.48 10742.11 40.48573 0.62672
42.67727 1.636291 498.728055 349.8024 1.483315 1.159849 59.0845 63.29909 0.038853 0 0.036425 41.14204 705.1295 4179.401 2024.653 26.11851 1116.371 71.01566 253.2516 416.6629 1.177629 1.695 1.357629 1.022887 134.9484 13.68258 0.075655 0.013369 0.224308 14646.71 6547.509 14.83413 14936.48 7390.471 40.48573 0.62672
41.96868 1.608411 858.194055 293.2334 1.304808 1.268392 24.93802 105.5451 0.060342 0 0.036425 39.30953 705.1295 4180 2060.528 23.92086 1120.159 69.69531 252.2523 416.5841 1.174841 1.696 1.352682 1.014682 136.0795 13.63841 0.075979 0.013274 0.224308 14646.71 6547.509 14.83413 14607.05 5139.876 40.48573 0.62672
41.62766 1.595295 1062.084859 261.105 1.203039 1.330959 5.642925 129.7436 0.072586 0 0.036425 38.88514 705.1295 4180.352 1170.28 22.67281 1121.471 69.07885 251.8118 416.5 1.173529 1.696471 1.350059 1.011588 136.6882 13.62059 0.076136 0.013226 0.224308 14646.71 6547.509 14.83413 14251.94 3195.762 40.48573 0.62672
29.6819 1.576898 1174.810363 236.1865 1.122728 1.272872 0 158.512 0.081891 0 0.036425 29.6819 705.1295 4180.94 1036.256 21.56784 0 0 0 0 0 0 0 0 0 0 0 0 0.224308 14646.71 6547.509 14.83413 0 0 40.48573 0.62672
25.36587 1.579239 1192.536534 230.739 1.104463 1.251245 0 166.7481 0.083921 0 0.036425 25.36587 705.1295 4181.171 -169.9049 21.74901 0 0 0 0 0 0 0 0 0 0 0 0 0.224308 14646.71 6547.509 14.83413 0 0 40.48573 0.62672
21.97018 1.577428 1206.119297 226.5612 1.089881 1.236332 0 173.3694 0.085496 0 0.036425 21.97018 705.1295 4181.223 364.035 21.36086 0 0 0 0 0 0 0 0 0 0 0 0 0.224308 14646.71 6547.509 14.83413 0 0 40.48573 0.62672
22.18985 1.564736 1205.240613 226.8278 1.090949 1.237465 0 172.8926 0.085383 0 0.036425 22.18985 705.1295 4181.292 -101.8402 21.46944 0 0 0 0 0 0 0 0 0 0 0 0 0.224308 14646.71 6547.509 14.83413 0 0 40.48573 0.62672
0.101982
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-2-4 13:00
122.0252 1.768012 51.88329 485.2761 1.88297 0.847821 0 17.16821 0.017693 0 0.030962 122.0252 599.367 0 0 31.60749 0 0 0 0 0 0 0 0 0 0 0 0 0.193087 13138.61 5883.706 14.18436 0 0 40.13016 0.356848
43.36295 1.663318 141.237067 405.9692 1.659996 1.052018 93.38008 21.67766 0.017556 0 0.030962 41.99076 599.367 4179 2455.475 28.56443 1113.668 72.29927 254.1327 416.7332 1.180332 1.694 1.362664 1.029995 133.8341 13.72664 0.07534 0.01346 0.193087 13138.61 5883.706 14.18436 13396.59 10161.55 40.13016 0.356848
42.17512 1.616605 490.918231 350.7675 1.487172 1.152366 59.86702 62.64859 0.038415 0 0.030962 40.77391 599.367 4179.247 1709.134 26.44644 1118.679 70.08703 252.5642 416.6 1.17566 1.696 1.354321 1.016981 135.7358 13.65321 0.075881 0.0133 0.193087 13138.61 5883.706 14.18436 13396.59 6767.163 40.13016 0.356848
41.60692 1.594497 858.969957 292.8743 1.303953 1.265438 24.94804 106.0088 0.060448 0 0.030962 39.06291 599.367 4180 1792.471 24.22557 1121.55 69.04136 251.7799 416.5 1.17345 1.69655 1.349899 1.011349 136.7201 13.61899 0.076146 0.013223 0.193087 13138.61 5883.706 14.18436 13108.02 4625.799 40.13016 0.356848
41.44886 1.588418 1069.139551 259.8537 1.199223 1.331613 5.033088 130.7546 0.073047 0 0.030962 38.69308 599.367 4180.204 1022.374 22.95892 1122.158 68.75564 251.5525 416.4842 1.172842 1.697 1.348684 1.009525 136.9633 13.60684 0.076219 0.013205 0.193087 13138.61 5883.706 14.18436 12790.35 2847.938 40.13016 0.356848
29.38401 1.568227 1175.828528 235.7992 1.121536 1.271555 0 159.0433 0.082024 0 0.030962 29.38401 599.367 4180.803 911.6524 21.8296 0 0 0 0 0 0 0 0 0 0 0 0 0.193087 13138.61 5883.706 14.18436 0 0 40.13016 0.356848
25.46007 1.576201 1192.159733 230.8521 1.10484 1.251776 0 166.5564 0.083875 0 0.030962 25.46007 599.367 4181.034 -164.3492 22.03318 0 0 0 0 0 0 0 0 0 0 0 0 0.193087 13138.61 5883.706 14.18436 0 0 40.13016 0.356848
22.19676 1.57099 1205.212951 226.8361 1.090984 1.237367 0 172.9019 0.085384 0 0.030962 22.19676 599.367 4181.081 313.9612 21.64428 0 0 0 0 0 0 0 0 0 0 0 0 0.193087 13138.61 5883.706 14.18436 0 0 40.13016 0.356848
22.48246 1.5629 1204.070167 227.179 1.092412 1.238672 0 172.3225 0.085244 0 0.030962 22.48246 599.367 4181.147 -100.1899 21.76838 0 0 0 0 0 0 0 0 0 0 0 0 0.193087 13138.61 5883.706 14.18436 0 0 40.13016 0.356848
0.0749
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-2-4 14:35
126.41 1.697692 48.806909 489.5465 1.897005 0.843159 0 17.32548 0.017957 0 0.024647 126.41 477.1329 0 0 32.02339 0 0 0 0 0 0 0 0 0 0 0 0 0.160173 11497.65 5108.15 13.15131 0 0 39.68262 0.433948
42.34099 1.623115 115.848957 409.4908 1.673148 1.033547 95.65999 18.94978 0.016034 0 0.024647 41.23899 477.1329 4179 1973.164 29.07556 1117.689 70.3964 252.7934 416.6 1.176312 1.695689 1.355623 1.018935 135.4754 13.66312 0.075806 0.013322 0.160173 11497.65 5108.15 13.15131 11715.53 9086.035 39.68262 0.433948
41.6576 1.596446 462.246418 354.9892 1.501069 1.138344 62.6397 59.58326 0.036726 0 0.024647 40.35099 477.1329 4179 1343.322 27.06869 1121.355 69.13297 251.8578 416.5 1.173645 1.696355 1.350289 1.011934 136.6422 13.62289 0.076123 0.013229 0.160173 11497.65 5108.15 13.15131 11715.53 5837.441 39.68262 0.433948
41.07228 1.573934 838.491623 295.7189 1.312925 1.25439 27.0115 104.1038 0.059312 0 0.024647 38.71385 477.1329 4180 1460.859 24.88675 1123.607 68.07489 251.0574 416.4 1.170787 1.697 1.346393 1.005787 137.6033 13.58393 0.076393 0.013156 0.160173 11497.65 5108.15 13.15131 11477.58 3967.982 39.68262 0.433948
41.20211 1.578927 1060.72699 261.0236 1.202846 1.326779 5.913956 130.0342 0.072598 0 0.024647 38.42665 477.1329 4180 855.1488 23.6095 1123.107 68.30959 251.2571 416.4 1.171786 1.697 1.346893 1.006785 137.3536 13.58893 0.076333 0.013176 0.160173 11497.65 5108.15 13.15131 11209.75 2417.402 39.68262 0.433948
29.08559 1.549949 1176.657655 235.4113 1.120342 1.270428 0 159.5372 0.08215 0 0.024647 29.08559 477.1329 4180.467 728.5232 22.5215 0 0 0 0 0 0 0 0 0 0 0 0 0.160173 11497.65 5108.15 13.15131 0 0 39.68262 0.433948
25.84256 1.568315 1190.629766 231.3111 1.10637 1.253846 0 165.7824 0.083689 0 0.024647 25.84256 477.1329 4180.669 -187.3417 22.80126 0 0 0 0 0 0 0 0 0 0 0 0 0.160173 11497.65 5108.15 13.15131 0 0 39.68262 0.433948
22.78535 1.566599 1202.858586 227.5424 1.093927 1.239809 0 171.7482 0.085104 0 0.024647 22.78535 477.1329 4180.703 277.6062 22.3867 0 0 0 0 0 0 0 0 0 0 0 0 0.160173 11497.65 5108.15 13.15131 0 0 39.68262 0.433948
23.1225 1.551517 1201.51002 227.947 1.09549 1.241582 0 171.0584 0.084935 0 0.024647 23.1225 477.1329 4180.782 -66.10077 22.48541 0 0 0 0 0 0 0 0 0 0 0 0 0.160173 11497.65 5108.15 13.15131 0 0 39.68262 0.433948
0.044188
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-2-4 16:12
128.7194 1.656201 47.110853 491.8259 1.905067 0.840835 0 17.40126 0.018094 0 0.019801 128.7194 383.3126 0 0 32.82436 0 0 0 0 0 0 0 0 0 0 0 0 0.133258 10116.34 4599.757 12.14357 0 0 39.56285 0.742603
41.9283 1.606858 107.760244 410.6026 1.677077 1.02664 96.37021 18.08409 0.015544 0 0.019801 40.83257 383.3126 4179 1608.294 29.93635 1120.314 69.62231 252.2057 416.5686 1.174686 1.696 1.352372 1.014372 136.1571 13.63686 0.075998 0.013267 0.133258 10116.34 4599.757 12.14357 10304.61 8590.211 39.56285 0.742603
41.44642 1.588324 451.509002 356.5548 1.506544 1.132733 63.6651 58.42952 0.036101 0 0.019801 40.22242 383.3126 4179 1070.193 28.0146 1122.168 68.75123 251.5497 416.4832 1.172832 1.697 1.348665 1.009497 136.967 13.60665 0.07622 0.013205 0.133258 10116.34 4599.757 12.14357 10304.61 5230.565 39.56285 0.742603
41.13614 1.57639 841.339308 295.3214 1.311791 1.255669 26.72759 104.3666 0.059472 0 0.019801 38.70075 383.3126 4179.537 1212.475 25.83763 1123.361 68.19033 251.1556 416.4 1.171278 1.697 1.346639 1.006278 137.4805 13.58639 0.076363 0.013166 0.133258 10116.34 4599.757 12.14357 10105.66 3465.02 39.56285 0.742603
40.94801 1.569186 1081.014331 257.6247 1.191413 1.33193 4.077442 132.7662 0.073868 0 0.019801 38.49566 383.3126 4180 746.4286 24.49759 1124.081 67.85253 250.8756 416.4 1.169919 1.697081 1.345837 1.004756 137.8326 13.57837 0.07645 0.013138 0.133258 10116.34 4599.757 12.14357 9876.098 2046.615 39.56285 0.742603
28.56658 1.559975 1179.280134 234.7799 1.118266 1.267633 0 160.5548 0.082402 0 0.019801 28.56658 383.3126 4180.006 568.056 23.47778 0 0 0 0 0 0 0 0 0 0 0 0 0.133258 10116.34 4599.757 12.14357 0 0 39.56285 0.742603
26.3704 1.569908 1188.518382 231.9815 1.108482 1.256454 0 164.7759 0.083442 0 0.019801 26.3704 383.3126 4180.165 -214.8104 23.86341 0 0 0 0 0 0 0 0 0 0 0 0 0.133258 10116.34 4599.757 12.14357 0 0 39.56285 0.742603
23.68812 1.563637 1199.247522 228.6257 1.097752 1.244168 0 169.9698 0.084684 0 0.019801 23.68812 383.3126 4180.167 220.3311 23.46787 0 0 0 0 0 0 0 0 0 0 0 0 0.133258 10116.34 4599.757 12.14357 0 0 39.56285 0.742603
24.20346 1.56644 1197.186164 229.2645 1.099814 1.246485 0 168.9725 0.08445 0 0.019801 24.20346 383.3126 4180.227 -86.1793 23.62257 0 0 0 0 0 0 0 0 0 0 0 0 0.133258 10116.34 4599.757 12.14357 0 0 39.56285 0.742603
0.037672
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-2-4 17:11
132.1402 1.646972 46.283803 494.7504 1.912654 0.840765 0 17.5344 0.018338 0 0.015494 132.1402 299.9322 0 0 34.02157 0 0 0 0 0 0 0 0 0 0 0 0 0.095758 7971.971 3747.005 11.92119 0 0 40.05752 0.620159
42.20208 1.617683 87.260583 413.9216 1.687503 1.022813 98.36675 15.64854 0.014325 0 0.015494 41.20967 299.9322 4179 1252.336 30.89208 1118.463 70.1388 252.6073 416.6 1.175768 1.696 1.354537 1.017305 135.6927 13.65537 0.075868 0.013303 0.095758 7971.971 3747.005 11.92119 8134.571 7312.56 40.05752 0.620159
41.93471 1.607104 414.899734 362.5598 1.524694 1.125494 67.13806 53.89551 0.033882 0 0.015494 40.83315 299.9322 4179 795.7827 28.90347 1120.29 69.6339 252.2131 416.571 1.17471 1.696 1.352421 1.014421 136.1448 13.63711 0.075995 0.013268 0.095758 7971.971 3747.005 11.92119 8134.571 4217.994 40.05752 0.620159
41.59879 1.594184 808.577308 300.7549 1.328994 1.249151 29.73757 100.1214 0.057437 0 0.015494 39.24384 299.9322 4179.146 957.5872 26.51061 1121.582 69.02665 251.7674 416.5 1.173418 1.696582 1.349837 1.011255 136.7326 13.61837 0.07615 0.013223 0.095758 7971.971 3747.005 11.92119 7972.374 2758.407 40.05752 0.620159
41.67378 1.597068 1078.693446 258.5479 1.194866 1.336717 4.048898 131.6374 0.073569 0 0.015494 38.94344 299.9322 4180 653.9408 24.87685 1121.293 69.16222 251.8827 416.5 1.173707 1.696293 1.350414 1.012121 136.6173 13.62414 0.076115 0.013231 0.095758 7971.971 3747.005 11.92119 7778.684 1614.415 40.05752 0.620159
28.0371 1.579709 1181.836552 234.1445 1.116148 1.264591 0 161.5911 0.082666 0 0.015494 28.0371 299.9322 4180 425.2338 23.81448 0 0 0 0 0 0 0 0 0 0 0 0 0.095758 7971.971 3747.005 11.92119 0 0 40.05752 0.620159
26.62905 1.595139 1187.483812 232.3178 1.109516 1.257242 0 164.3854 0.08334 0 0.015494 26.62905 299.9322 4180 -168.6492 24.23582 0 0 0 0 0 0 0 0 0 0 0 0 0.095758 7971.971 3747.005 11.92119 0 0 40.05752 0.620159
23.94452 1.592656 1198.221927 228.9334 1.098778 1.244869 0 169.5769 0.08459 0 0.015494 23.94452 299.9322 4180 189.5269 23.76232 0 0 0 0 0 0 0 0 0 0 0 0 0.095758 7971.971 3747.005 11.92119 0 0 40.05752 0.620159
24.50183 1.589845 1195.992667 229.6524 1.101007 1.24721 0 168.4659 0.084331 0 0.015494 24.50183 299.9322 4180.079 -64.2541 23.92284 0 0 0 0 0 0 0 0 0 0 0 0 0.095758 7971.971 3747.005 11.92119 0 0 40.05752 0.620159  
 
 
 250
 
Experimental data for condensing R134a in helical wire-inserted tubes with a pitch of p = 5 mm 
 
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-2-14 11:40
85.81755 1.420871 58.01799 462.6071 1.817366 1.105463 0 14.66522 0.019042 0 0.041527 85.81755 803.8982 0 0 30.55854 0 0 0 0 0 0 0 0 0 0 0 0 0.232353 15034.6 6824.727 14.6723 0 0 40.32243 0.591661
46.76682 1.213963 152.8559 408.6466 1.66614 1.23915 91.26642 24.84313 0.021135 0.005284 0.041527 43.50497 803.8982 4179 2240.83 28.25079 1117.207 60.57401 266.5981 422.2396 1.222396 1.708604 1.541793 1.210189 149.4622 12.91793 0.071815 0.016286 0.232353 15034.6 6824.727 14.6723 15331.72 8574.779 40.32243 0.591661
43.53645 1.11647 503.2203 354.6614 1.500753 1.319859 58.37591 72.38822 0.039728 0.005684 0.041527 40.79571 803.8982 4179.452 2241.853 25.94224 1131.353 55.33938 261.7235 420.9294 1.207294 1.71 1.520294 1.176941 156.0471 12.73647 0.073193 0.015866 0.232353 15034.6 6824.727 14.6723 15331.72 6990.053 40.32243 0.591661
42.01396 1.072685 744.3209 317.8571 1.384895 1.38427 36.31172 105.9777 0.052728 0.005869 0.041527 39.08678 803.8982 4180 1528.379 24.3686 1138.463 53.02229 259.4342 420.3268 1.199537 1.71 1.510537 1.162805 159.1852 12.65537 0.07385 0.015681 0.232353 15034.6 6824.727 14.6723 14957.53 5421.846 40.32243 0.591661
41.2217 1.050325 1002.927 278.8378 1.261725 1.461314 12.752 141.9675 0.066712 0.005969 0.041527 37.90226 803.8982 4180.233 1620.361 22.70035 1141.935 51.84723 258.2195 419.9065 1.196065 1.710967 1.506065 1.15513 160.874 12.61065 0.074185 0.015582 0.232353 15034.6 6824.727 14.6723 14710.3 3771.621 40.32243 0.591661
33.50215 1.034619 1174.991 246.803 1.159511 1.460321 0 178.4333 0.077655 0 0.041527 33.50215 803.8982 4180.9 973.1551 21.69859 0 0 0 0 0 0 0 0 0 0 0 0 0.232353 15034.6 6824.727 14.6723 0 0 40.32243 0.591661
26.04422 1.019812 1204.823 236.0619 1.124204 1.424798 0 196.6643 0.080956 0 0.041527 26.04422 803.8982 4181.284 518.2432 21.16516 0 0 0 0 0 0 0 0 0 0 0 0 0.232353 15034.6 6824.727 14.6723 0 0 40.32243 0.591661
22.75211 1.011026 1217.157 231.353 1.108008 1.411008 0 205.0886 0.082398 0 0.041527 22.75211 803.8982 4181.504 338.134 20.81714 0 0 0 0 0 0 0 0 0 0 0 0 0.232353 15034.6 6824.727 14.6723 0 0 40.32243 0.591661
21.67668 1.004308 1221.293 229.8473 1.103383 1.406707 0 207.8902 0.082866 0 0.041527 21.67668 803.8982 4181.618 102.8771 20.71125 0 0 0 0 0 0 0 0 0 0 0 0 0.232353 15034.6 6824.727 14.6723 0 0 40.32243 0.591661
0.163638
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-2-14 13:10
88.39303 1.355897 54.11231 466.3498 1.830707 1.091015 0 14.72926 0.019153 0 0.035995 88.39303 696.7959 0 0 31.006 0 0 0 0 0 0 0 0 0 0 0 0 0.218675 14463.51 6501.866 13.66073 0 0 39.98369 0.020429
45.78023 1.183643 140.2243 409.8532 1.67142 1.225132 92.35052 23.46776 0.020444 0.005405 0.035995 42.77148 696.7959 4179 2033.572 28.7807 1121.636 58.93309 265.1822 421.8364 1.217729 1.709 1.535093 1.199457 151.445 12.86729 0.072229 0.016155 0.218675 14463.51 6501.866 13.66073 14731.17 8420.908 39.98369 0.020429
42.99534 1.100745 498.941 354.9193 1.501707 1.314253 58.82328 72.18563 0.039531 0.005747 0.035995 40.46467 696.7959 4179.151 1977.321 26.61703 1133.851 54.49949 260.9373 420.7075 1.204149 1.71 1.517149 1.172224 157.1478 12.71149 0.073429 0.015803 0.218675 14463.51 6501.866 13.66073 14731.17 6679.27 39.98369 0.020429
41.64434 1.062124 750.1219 316.689 1.381624 1.383429 35.83735 107.1568 0.05309 0.005919 0.035995 38.85585 696.7959 4180 1376.085 25.11157 1139.788 52.47045 258.9062 420.1425 1.198212 1.71 1.508425 1.159637 159.9513 12.63425 0.074008 0.015638 0.218675 14463.51 6501.866 13.66073 14397.67 5147.481 39.98369 0.020429
41.0879 1.046608 1017.749 276.5171 1.254228 1.464888 11.42309 144.1702 0.067538 0.005987 0.035995 37.84277 696.7959 4180 1445.972 23.52964 1142.339 51.65364 258.0304 419.8661 1.195322 1.711 1.504983 1.153982 161.1374 12.60322 0.074241 0.015566 0.218675 14463.51 6501.866 13.66073 14171.36 3526.691 39.98369 0.020429
33.97661 1.027622 1173.094 247.4673 1.161883 1.463307 0 177.2666 0.077438 0 0.035995 33.97661 696.7959 4180.466 842.4106 22.60813 0 0 0 0 0 0 0 0 0 0 0 0 0.218675 14463.51 6501.866 13.66073 0 0 39.98369 0.020429
26.63112 1.019113 1202.476 236.8836 1.126914 1.427383 0 195.1355 0.080694 0 0.035995 26.63112 696.7959 4180.816 438.5144 22.12848 0 0 0 0 0 0 0 0 0 0 0 0 0.218675 14463.51 6501.866 13.66073 0 0 39.98369 0.020429
23.43075 1.016288 1214.893 232.303 1.111154 1.414013 0 203.3452 0.082104 0 0.035995 23.43075 696.7959 4181.015 289.1977 21.81217 0 0 0 0 0 0 0 0 0 0 0 0 0.218675 14463.51 6501.866 13.66073 0 0 39.98369 0.020429
22.54402 1.007568 1217.906 231.0616 1.107176 1.410176 0 205.6158 0.082487 0 0.035995 22.54402 696.7959 4181.116 82.58901 21.72184 0 0 0 0 0 0 0 0 0 0 0 0 0.218675 14463.51 6501.866 13.66073 0 0 39.98369 0.020429
0.137035
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-2-14 13:33
89.85908 1.317413 51.91972 468.5012 1.838836 1.083927 0 14.77133 0.019224 0 0.030841 89.85908 597.0225 0 0 31.24514 0 0 0 0 0 0 0 0 0 0 0 0 0.17956 12487.65 5644.035 14.17996 0 0 40.42085 0.625052
45.79718 1.184157 124.3739 412.1994 1.678764 1.220321 93.84414 21.39668 0.019608 0.005403 0.030841 42.67727 597.0225 4179 1736.379 28.93114 1121.584 58.96032 265.2078 421.8416 1.217831 1.709 1.535247 1.199663 151.409 12.86831 0.072222 0.016157 0.17956 12487.65 5644.035 14.17996 12739.36 7815.897 40.42085 0.625052
43.50196 1.115485 491.5293 356.3607 1.506139 1.31587 59.46319 70.8574 0.039108 0.005688 0.030841 40.90368 597.0225 4179.108 1722.097 26.63624 1131.452 55.28617 261.6742 420.9097 1.207097 1.71 1.520097 1.176645 156.1161 12.73548 0.073208 0.015862 0.17956 12487.65 5644.035 14.17996 12739.36 5752.527 40.42085 0.625052
42.4585 1.085386 766.4476 314.825 1.375483 1.394794 34.14026 108.5345 0.053884 0.005818 0.030841 39.48594 597.0225 4180 1280.985 24.92953 1135.923 53.69544 260.0693 420.4539 1.202077 1.71 1.513077 1.166616 158.223 12.68077 0.073659 0.015737 0.17956 12487.65 5644.035 14.17996 12437.48 4262.018 40.42085 0.625052
42.05545 1.07387 1055.421 271.7672 1.238708 1.484248 7.630772 147.9164 0.069395 0.005865 0.030841 38.6165 597.0225 4180 1327.925 23.16029 1138.226 53.08512 259.4935 420.3387 1.199774 1.71 1.510774 1.163161 159.0904 12.65774 0.073832 0.015685 0.17956 12487.65 5644.035 14.17996 12215.35 2844.416 40.42085 0.625052
31.72745 1.058728 1182.265 244.2184 1.150637 1.450637 0 182.789 0.078467 0 0.030841 31.72745 597.0225 4180.673 759.3411 22.14875 0 0 0 0 0 0 0 0 0 0 0 0 0.17956 12487.65 5644.035 14.17996 0 0 40.42085 0.625052
25.84316 1.054997 1205.627 235.7804 1.123216 1.423373 0 197.3121 0.081073 0 0.030841 25.84316 597.0225 4181.023 291.9714 21.75984 0 0 0 0 0 0 0 0 0 0 0 0 0.17956 12487.65 5644.035 14.17996 0 0 40.42085 0.625052
22.86349 1.049727 1217.405 231.5089 1.108454 1.411454 0 204.9538 0.08238 0 0.030841 22.86349 597.0225 4181.206 257.2028 21.41726 0 0 0 0 0 0 0 0 0 0 0 0 0.17956 12487.65 5644.035 14.17996 0 0 40.42085 0.625052
22.18523 1.047164 1219.434 230.5593 1.105741 1.408741 0 206.7071 0.082676 0 0.030841 22.18523 597.0225 4181.308 50.72678 21.34969 0 0 0 0 0 0 0 0 0 0 0 0 0.17956 12487.65 5644.035 14.17996 0 0 40.42085 0.625052
0.110287
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-2-14 14:21
93.06121 1.270994 49.05554 472.5699 1.852504 1.074939 0 14.87505 0.019421 0 0.025834 93.06121 500.1045 0 0 31.97879 0 0 0 0 0 0 0 0 0 0 0 0 0.150424 11019.99 5123.417 13.43509 0 0 40.33419 1.018349
45.28539 1.168648 100.6117 415.4058 1.689341 1.208031 96.0146 18.40267 0.018339 0.005465 0.025834 42.26393 500.1045 4179 1476.78 29.62955 1124.135 58.127 264.4189 421.673 1.21573 1.709 1.53173 1.194595 152.4811 12.8373 0.07244 0.016093 0.150424 11019.99 5123.417 13.43509 11243.66 7484.978 40.33419 1.018349
43.37843 1.111955 466.6154 359.9386 1.51752 1.306989 61.77985 67.62802 0.037791 0.005702 0.025834 40.8107 500.1045 4179 1432.942 27.35005 1131.805 55.09557 261.4977 420.8391 1.206391 1.71 1.519391 1.175586 156.3632 12.73196 0.073261 0.015848 0.150424 11019.99 5123.417 13.43509 11243.66 5279.024 40.33419 1.018349
42.47318 1.085805 754.4511 316.611 1.381146 1.391067 35.24447 106.9087 0.053241 0.005817 0.025834 39.50093 500.1045 4179.77 1119.326 25.56977 1135.839 53.71767 260.0902 420.458 1.202161 1.71 1.513161 1.166742 158.1936 12.68161 0.073653 0.015739 0.150424 11019.99 5123.417 13.43509 10983.2 3839.295 40.33419 1.018349
42.0713 1.074323 1053.449 272.0687 1.239681 1.483737 7.805038 147.6279 0.069287 0.005863 0.025834 38.7612 500.1045 4180 1150.707 23.73969 1138.135 53.10911 259.5161 420.3432 1.199865 1.71 1.510865 1.163297 159.0542 12.65865 0.073825 0.015687 0.150424 11019.99 5123.417 13.43509 10780.03 2521.792 40.33419 1.018349
31.72004 1.062305 1182.366 244.2081 1.1506 1.4506 0 182.8211 0.078474 0 0.025834 31.72004 500.1045 4180.405 690.7425 22.64123 0 0 0 0 0 0 0 0 0 0 0 0 0.150424 11019.99 5123.417 13.43509 0 0 40.33419 1.018349
25.97637 1.063986 1205.095 235.9669 1.123882 1.423905 0 197.015 0.081022 0 0.025834 25.97637 500.1045 4180.777 244.9383 22.25175 0 0 0 0 0 0 0 0 0 0 0 0 0.150424 11019.99 5123.417 13.43509 0 0 40.33419 1.018349
23.2065 1.059916 1216.174 231.9891 1.110032 1.412628 0 204.1028 0.082237 0 0.025834 23.2065 500.1045 4180.957 209.4008 21.9188 0 0 0 0 0 0 0 0 0 0 0 0 0.150424 11019.99 5123.417 13.43509 0 0 40.33419 1.018349
22.6212 1.052349 1218.154 231.1697 1.107467 1.410438 0 205.5943 0.082489 0 0.025834 22.6212 500.1045 4181.058 43.97599 21.84888 0 0 0 0 0 0 0 0 0 0 0 0 0.150424 11019.99 5123.417 13.43509 0 0 40.33419 1.018349
0.094325
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-2-14 16:16
94.93837 1.229191 46.79681 475.0845 1.861896 1.069112 0 14.92921 0.019523 0 0.02151 94.93837 416.4046 0 0 31.72845 0 0 0 0 0 0 0 0 0 0 0 0 0.139151 10414.62 4564.851 12.82885 0 0 39.92285 0.087916
44.68423 1.150431 73.26752 419.0245 1.701515 1.193293 98.49362 14.92289 0.016866 0.005538 0.02151 41.48769 416.4046 4179 1205.869 29.65478 1126.914 57.15285 263.4216 421.4043 1.212086 1.709 1.528086 1.188172 153.6698 12.80086 0.072704 0.016012 0.139151 10414.62 4564.851 12.82885 10612.22 6637.139 39.92285 0.087916
43.34117 1.110891 460.5534 360.803 1.520277 1.304773 62.34325 66.84618 0.037471 0.005706 0.02151 40.3623 416.4046 4179 1252.363 27.50115 1131.911 55.0381 261.4445 420.8178 1.206178 1.71 1.519178 1.175267 156.4377 12.73089 0.073277 0.015844 0.139151 10414.62 4564.851 12.82885 10612.22 4538.882 39.92285 0.087916
42.60194 1.089484 749.3148 317.4438 1.38384 1.390419 35.68182 106.1093 0.052959 0.005802 0.02151 39.25472 416.4046 4179.65 932.6705 25.89752 1135.103 53.91265 260.2742 420.4948 1.202897 1.71 1.513897 1.167845 157.9361 12.68897 0.073598 0.015757 0.139151 10414.62 4564.851 12.82885 10380.02 3262.784 39.92285 0.087916
42.47882 1.085966 1069.683 269.8977 1.233224 1.492025 6.110802 149.2911 0.070112 0.005816 0.02151 38.58667 416.4046 4180 1022.734 24.1392 1135.807 53.72621 260.0983 420.4597 1.202193 1.71 1.513193 1.16679 158.1824 12.68193 0.073651 0.01574 0.139151 10414.62 4564.851 12.82885 10207.56 2109.386 39.92285 0.087916
29.74076 1.067815 1190.393 241.3371 1.141704 1.441347 0 187.6194 0.079358 0 0.02151 29.74076 416.4046 4180.147 504.0199 23.2727 0 0 0 0 0 0 0 0 0 0 0 0 0.139151 10414.62 4564.851 12.82885 0 0 39.92285 0.087916
25.75407 1.074951 1205.984 235.6557 1.12277 1.423016 0 197.6146 0.081128 0 0.02151 25.75407 416.4046 4180.413 114.4405 23.07596 0 0 0 0 0 0 0 0 0 0 0 0 0.139151 10414.62 4564.851 12.82885 0 0 39.92285 0.087916
23.61042 1.075349 1214.558 232.5546 1.112052 1.413935 0 203.1143 0.082072 0 0.02151 23.61042 416.4046 4180.536 172.9779 22.77861 0 0 0 0 0 0 0 0 0 0 0 0 0.139151 10414.62 4564.851 12.82885 0 0 39.92285 0.087916
23.26416 1.06154 1215.943 232.0698 1.110321 1.412826 0 203.9594 0.082213 0 0.02151 23.26416 416.4046 4180.622 26.5942 22.7329 0 0 0 0 0 0 0 0 0 0 0 0 0.139151 10414.62 4564.851 12.82885 0 0 39.92285 0.087916
0.064465
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-2-24 18:52
99.53398 1.125048 41.49623 481.2868 1.885097 1.057006 0 15.06138 0.019798 0 0.015247 99.53398 295.1509 0 0 31.82106 0 0 0 0 0 0 0 0 0 0 0 0 0.165292 12011.93 4016.57 10.07307 0 0 38.86346 0.988193
42.4994 1.086554 74.91338 417.3303 1.700073 1.173739 98.04461 15.52738 0.016875 0.005814 0.015247 39.92605 295.1509 4179 975.1251 30.40938 1135.689 53.75738 260.1277 420.4655 1.202311 1.71 1.513311 1.166966 158.1412 12.68311 0.073642 0.015743 0.165292 12011.93 4016.57 10.07307 12153.01 5783.206 38.86346 0.988193
41.69311 1.063517 521.6794 350.6074 1.4892 1.310513 56.84535 76.16791 0.040822 0.005912 0.015247 39.69549 295.1509 4179 1017.303 28.93663 1139.648 52.54291 258.9759 420.1703 1.198352 1.71 1.508703 1.160055 159.8538 12.63704 0.073987 0.015644 0.165292 12011.93 4016.57 10.07307 12153.01 3744.321 38.86346 0.988193
41.37504 1.054585 849.1907 301.7671 1.334586 1.413083 26.80346 120.8871 0.058436 0.005952 0.015247 38.40686 295.1509 4179 744.6532 27.8586 1141.083 52.07298 258.4751 419.9917 1.196917 1.710542 1.506917 1.156834 160.5332 12.61917 0.074121 0.015603 0.165292 12011.93 4016.57 10.07307 11971.38 2810.331 38.86346 0.988193
41.27375 1.051771 1117.991 261.8148 1.207522 1.498743 2.17071 157.5425 0.072892 0.005963 0.015247 37.42543 295.1509 4179.291 609.1413 26.97681 1141.646 51.92386 258.3063 419.9354 1.196354 1.710823 1.506354 1.155708 160.7583 12.61354 0.074163 0.015589 0.165292 12011.93 4016.57 10.07307 11837.95 1902.994 38.86346 0.988193
28.57252 1.044238 1194.71 239.6588 1.135863 1.435978 0 190.4029 0.079853 0 0.015247 28.57252 295.1509 4179.589 213.146 26.66829 0 0 0 0 0 0 0 0 0 0 0 0 0.165292 12011.93 4016.57 10.07307 0 0 38.86346 0.988193
27.56963 1.04819 1198.721 238.1975 1.130864 1.431299 0 192.8687 0.080302 0 0.015247 27.56963 295.1509 4179.688 61.79118 26.57885 0 0 0 0 0 0 0 0 0 0 0 0 0.165292 12011.93 4016.57 10.07307 0 0 38.86346 0.988193
26.6417 1.045572 1202.433 236.8984 1.126624 1.42724 0 195.2139 0.080714 0 0.015247 26.6417 295.1509 4179.716 15.39818 26.55656 0 0 0 0 0 0 0 0 0 0 0 0 0.165292 12011.93 4016.57 10.07307 0 0 38.86346 0.988193
26.60097 1.044228 1202.596 236.8414 1.126473 1.427051 0 195.3144 0.08073 0 0.015247 26.60097 295.1509 4179.73 22.05495 26.52464 0 0 0 0 0 0 0 0 0 0 0 0 0.165292 12011.93 4016.57 10.07307 0 0 38.86346 0.988193  
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Experimental data for condensing R407C in helical wire-inserted tubes with a pitch of p = 5 mm 
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-3-3 12:55
105.1337 2.133424 69.29985 489.955 1.896396 1.123877 0 16.7154 0.019978 0 0.040144 105.1337 777.1307 0 0 29.0438 0 0 0 0 0 0 0 0 0 0 0 0 0.388509 21937.23 6700.877 14.30525 0 0 39.8279 1.336625
49.86792 1.99334 154.8433 415.2514 1.684487 1.478283 93.31927 21.1738 0.021672 0.00415 0.040144 42.72839 777.1307 4179 2998.937 27.19669 1038.666 91.57034 269.3002 425.7 1.230334 1.717 1.715002 1.461336 115.6998 14.40668 0.07678 0.017727 0.388509 21937.23 6700.877 14.30525 22228.32 8640.565 39.8279 1.336625
46.78765 1.940395 559.8337 347.6654 1.475121 1.568202 50.73173 65.19864 0.047 0.004289 0.040144 40.57243 777.1307 4179.819 2713.203 25.52589 1044.961 88.70131 267.4158 425.6 1.224039 1.718961 1.701079 1.439158 117.5882 14.32039 0.077405 0.017472 0.388509 21937.23 6700.877 14.30525 22228.32 6961.609 39.8279 1.336625
45.14838 1.915408 786.3618 309.752 1.356825 1.621765 27.19502 90.18235 0.061293 0.004364 0.040144 38.58069 777.1307 4180 1522.013 24.58867 1047.459 87.36661 266.5163 425.5 1.221541 1.719 1.694082 1.428163 118.5378 14.27082 0.077705 0.017357 0.388509 21937.23 6700.877 14.30525 21808.58 5633.935 39.8279 1.336625
43.862 1.904325 1000.799 274.0806 1.245503 1.677858 5.022723 113.6696 0.074798 0.004397 0.040144 37.43011 777.1307 4180 1432.009 23.70687 1049.135 86.77921 266.073 425.5 1.220432 1.719568 1.691297 1.42373 118.927 14.25433 0.077838 0.017302 0.388509 21937.23 6700.877 14.30525 21587.6 3911.229 39.8279 1.336625
28.08474 1.883532 1128.633 241.1356 1.139424 1.535922 0 148.9647 0.086787 0 0.040144 28.08474 777.1307 4180.257 716.4536 23.26572 0 0 0 0 0 0 0 0 0 0 0 0 0.388509 21937.23 6700.877 14.30525 0 0 39.8279 1.336625
25.03302 1.893288 1142.863 236.5495 1.124165 1.515332 0 155.2071 0.088475 0 0.040144 25.03302 777.1307 4180.424 371.23 23.03715 0 0 0 0 0 0 0 0 0 0 0 0 0.388509 21937.23 6700.877 14.30525 0 0 39.8279 1.336625
23.77589 1.872762 1147.998 234.6061 1.117879 1.5072 0 157.7515 0.08914 0 0.040144 23.77589 777.1307 4180.499 116.5369 22.9654 0 0 0 0 0 0 0 0 0 0 0 0 0.388509 21937.23 6700.877 14.30525 0 0 39.8279 1.336625
23.29211 1.870114 1150.116 233.8556 1.115461 1.50435 0 158.7385 0.089401 0 0.040144 23.29211 777.1307 4180.535 115.4483 22.89432 0 0 0 0 0 0 0 0 0 0 0 0 0.388509 21937.23 6700.877 14.30525 0 0 39.8279 1.336625
0.089015
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-3-3 13:35
106.1978 2.089147 67.24278 491.6478 1.902245 1.117543 0 16.7314 0.019989 0 0.036294 106.1978 702.5938 0 0 29.10315 0 0 0 0 0 0 0 0 0 0 0 0 0.33666 19693.17 6201.089 14.21911 0 0 39.58143 0.753417
49.33047 1.967122 154.0839 415.0425 1.685009 1.467194 93.2847 21.2307 0.0216 0.004219 0.036294 42.36418 702.5938 4179 2780.318 27.12695 1042.288 90.14459 268.3849 425.6 1.226712 1.718 1.708137 1.449849 116.6151 14.36424 0.077085 0.017606 0.33666 19693.17 6201.089 14.21911 19966.15 8208.698 39.58143 0.753417
46.39771 1.92147 557.7061 347.7052 1.475528 1.560448 50.99723 65.27437 0.046909 0.004346 0.036294 40.34497 702.5938 4179.871 2443.946 25.3902 1046.853 87.68939 266.7441 425.5 1.222147 1.719 1.695441 1.430735 118.3412 14.28294 0.077632 0.017387 0.33666 19693.17 6201.089 14.21911 19966.15 6490.518 39.58143 0.753417
44.77869 1.899615 793.41 308.3996 1.353117 1.618493 26.63477 91.18453 0.06175 0.004411 0.036294 38.35978 702.5938 4180 1426.562 24.37647 1050.039 86.52921 265.8884 425.4962 1.219923 1.72 1.689885 1.421846 119.1154 14.24923 0.077895 0.017278 0.33666 19693.17 6201.089 14.21911 19579.11 5216.266 39.58143 0.753417
43.40251 1.885328 1011.548 272.0265 1.238303 1.674907 4.133729 115.3272 0.075551 0.004454 0.036294 37.25678 702.5938 4180.046 1320.127 23.43838 1051.467 85.76236 265.4131 425.4 1.217533 1.72 1.686066 1.416131 119.6869 14.22066 0.078066 0.017217 0.33666 19693.17 6201.089 14.21911 19363.83 3590.176 39.58143 0.753417
27.98681 1.866627 1129.066 240.9802 1.138934 1.535575 0 149.0929 0.086824 0 0.036294 27.98681 702.5938 4180.404 693.9287 22.94532 0 0 0 0 0 0 0 0 0 0 0 0 0.33666 19693.17 6201.089 14.21911 0 0 39.58143 0.753417
24.84453 1.877661 1143.622 236.2582 1.123223 1.514358 0 155.5371 0.088562 0 0.036294 24.84453 702.5938 4180.582 305.3454 22.72836 0 0 0 0 0 0 0 0 0 0 0 0 0.33666 19693.17 6201.089 14.21911 0 0 39.58143 0.753417
23.45755 1.86473 1149.33 234.1186 1.116288 1.505451 0 158.3821 0.089306 0 0.036294 23.45755 702.5938 4180.658 123.1773 22.64085 0 0 0 0 0 0 0 0 0 0 0 0 0.33666 19693.17 6201.089 14.21911 0 0 39.58143 0.753417
23.00929 1.865414 1151.268 233.4146 1.114046 1.502747 0 159.3116 0.08955 0 0.036294 23.00929 702.5938 4180.699 111.4873 22.56164 0 0 0 0 0 0 0 0 0 0 0 0 0.33666 19693.17 6201.089 14.21911 0 0 39.58143 0.753417
0.081794
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-3-3 14:01
111.0115 2.079632 65.45311 497.1163 1.91725 1.112952 0 16.91812 0.020276 0 0.029445 111.0115 569.9971 0 0 30.25193 0 0 0 0 0 0 0 0 0 0 0 0 0.270944 16949.74 5298.422 13.97927 0 0 40.4155 0.902469
50.12126 1.996985 118.103 421.3515 1.703469 1.469842 97.21766 17.22905 0.019386 0.004139 0.029445 43.03209 569.9971 4179 2230.858 28.28168 1038.302 91.76717 269.4095 425.7 1.230698 1.717 1.716095 1.462794 115.5905 14.41397 0.076736 0.017745 0.270944 16949.74 5298.422 13.97927 17189.18 7035.393 40.4155 0.902469
47.3729 1.964897 545.7699 350.3331 1.482822 1.572651 52.152 63.32952 0.046072 0.004225 0.029445 41.23689 569.9971 4179.321 2091.1 26.43501 1042.51 90.02442 268.2959 425.6 1.22649 1.718 1.707469 1.448959 116.7041 14.35979 0.077111 0.017594 0.270944 16949.74 5298.422 13.97927 17189.18 5391.833 40.4155 0.902469
45.85577 1.95023 793.8287 309.1495 1.354186 1.634954 26.20055 90.31463 0.061628 0.004269 0.029445 39.22345 569.9971 4180 1212.63 25.3643 1043.977 89.23241 267.8069 425.6 1.225023 1.718 1.703069 1.443092 117.2908 14.33046 0.077287 0.017521 0.270944 16949.74 5298.422 13.97927 16845.75 4312.06 40.4155 0.902469
44.60837 1.942238 1014.235 272.5407 1.240023 1.693092 3.194731 114.2355 0.075469 0.004286 0.029445 38.16958 569.9971 4180 1077.928 24.41252 1044.776 88.80087 267.4895 425.6 1.224224 1.718776 1.701448 1.439895 117.5328 14.32224 0.077383 0.017481 0.270944 16949.74 5298.422 13.97927 16652.29 2935.031 40.4155 0.902469
28.09828 1.928734 1129.125 241.1572 1.139491 1.535113 0 149.1184 0.086825 0 0.029445 28.09828 569.9971 4180 542.5285 23.93349 0 0 0 0 0 0 0 0 0 0 0 0 0.270944 16949.74 5298.422 13.97927 0 0 40.4155 0.902469
25.47869 1.941266 1141.085 237.218 1.126393 1.517047 0 154.4682 0.088278 0 0.029445 25.47869 569.9971 4180.074 182.664 23.7722 0 0 0 0 0 0 0 0 0 0 0 0 0.270944 16949.74 5298.422 13.97927 0 0 40.4155 0.902469
24.32234 1.929544 1146.111 235.4157 1.120612 1.509665 0 156.8012 0.088895 0 0.029445 24.32234 569.9971 4180.141 120.7392 23.6656 0 0 0 0 0 0 0 0 0 0 0 0 0.270944 16949.74 5298.422 13.97927 0 0 40.4155 0.902469
23.95269 1.925001 1147.713 234.829 1.11874 1.507216 0 157.547 0.089091 0 0.029445 23.95269 569.9971 4180.187 89.4703 23.5866 0 0 0 0 0 0 0 0 0 0 0 0 0.270944 16949.74 5298.422 13.97927 0 0 40.4155 0.902469
0.054747
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-3-3 14:38
113.3235 2.029216 62.96163 500.2242 1.927218 1.106203 0 16.97047 0.020369 0 0.027211 113.3235 526.7508 0 0 29.98613 0 0 0 0 0 0 0 0 0 0 0 0 0.221888 14491.95 4995.553 14.13319 0 0 39.72045 0.561619
49.26883 1.954568 113.4418 421.6381 1.705623 1.451349 97.48709 16.92186 0.019043 0.004256 0.027211 42.33351 526.7508 4179 2138.369 27.68004 1043.543 89.46669 267.937 425.6 1.225457 1.718 1.70437 1.444827 117.1173 14.33914 0.077235 0.017543 0.221888 14491.95 4995.553 14.13319 14723.69 6922.131 39.72045 0.561619
46.57673 1.922163 524.0973 353.2756 1.492964 1.55146 54.50004 61.61755 0.044797 0.004344 0.027211 40.58412 526.7508 4179.661 1860.178 25.67428 1046.784 87.7268 266.7649 425.5 1.222216 1.719 1.695649 1.431081 118.3135 14.28433 0.077624 0.017391 0.221888 14491.95 4995.553 14.13319 14723.69 5185.908 39.72045 0.561619
45.02311 1.908962 783.7965 310.0641 1.357948 1.619211 27.50894 89.99948 0.061151 0.004383 0.027211 38.46031 526.7508 4180 1175.807 24.40655 1048.208 87.02497 266.2585 425.5 1.220896 1.719104 1.692688 1.425585 118.7415 14.25896 0.077782 0.017325 0.221888 14491.95 4995.553 14.13319 14406.87 4121.089 39.72045 0.561619
43.7786 1.904479 1018.481 271.1523 1.236331 1.68283 3.182243 115.5901 0.07591 0.004397 0.027211 37.50388 526.7508 4180.082 1058.81 23.26499 1049.104 86.78739 266.0792 425.5 1.220448 1.719552 1.691344 1.423792 118.9208 14.25448 0.077836 0.017302 0.221888 14491.95 4995.553 14.13319 14210.01 2749.789 39.72045 0.561619
27.68166 1.888321 1130.592 240.5225 1.137408 1.533005 0 149.79 0.087013 0 0.027211 27.68166 526.7508 4180.524 579.4906 22.64027 0 0 0 0 0 0 0 0 0 0 0 0 0.221888 14491.95 4995.553 14.13319 0 0 39.72045 0.561619
24.60141 1.899298 1144.594 235.8628 1.122007 1.512224 0 156.1342 0.088715 0 0.027211 24.60141 526.7508 4180.727 175.0165 22.45161 0 0 0 0 0 0 0 0 0 0 0 0 0.221888 14491.95 4995.553 14.13319 0 0 39.72045 0.561619
23.11832 1.890391 1151.239 233.5797 1.114592 1.502902 0 159.1419 0.089516 0 0.027211 23.11832 526.7508 4180.808 127.1346 22.31456 0 0 0 0 0 0 0 0 0 0 0 0 0.221888 14491.95 4995.553 14.13319 0 0 39.72045 0.561619
22.7412 1.886778 1152.839 233.0118 1.112706 1.500712 0 159.917 0.089717 0 0.027211 22.7412 526.7508 4180.862 70.33885 22.23874 0 0 0 0 0 0 0 0 0 0 0 0 0.221888 14491.95 4995.553 14.13319 0 0 39.72045 0.561619
0.050089
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-3-3 17:44
119.0417 1.991005 60.14883 506.9179 1.945665 1.101066 0 17.16807 0.020706 0 0.021669 119.0417 419.477 0 0 31.62034 0 0 0 0 0 0 0 0 0 0 0 0 0.214773 14461.88 4529.861 12.2536 0 0 40.09786 0.751288
48.98503 1.939566 106.239 422.6871 1.709899 1.443644 98.16162 16.21815 0.01857 0.004291 0.021669 42.48354 419.477 4179 1825.2 29.58677 1045.043 88.657 267.3826 425.5957 1.223957 1.719 1.70087 1.438826 117.6174 14.31913 0.077415 0.017468 0.214773 14461.88 4529.861 12.2536 14648.23 6228.532 40.09786 0.751288
46.55083 1.920088 520.5599 353.8383 1.494719 1.549624 54.87224 61.26554 0.044578 0.00435 0.021669 40.95363 419.477 4179 1491.888 27.92457 1046.991 87.61473 266.7026 425.5 1.222009 1.719 1.695026 1.430044 118.3965 14.28018 0.077649 0.01738 0.214773 14461.88 4529.861 12.2536 14648.23 4702.33 40.09786 0.751288
45.02618 1.90968 786.2607 309.6612 1.356654 1.620157 27.24277 90.25688 0.061307 0.004381 0.021669 39.10296 419.477 4179.304 957.2763 26.85809 1048.064 87.06305 266.2872 425.5 1.220968 1.719032 1.692904 1.425872 118.7128 14.25968 0.077774 0.017328 0.214773 14461.88 4529.861 12.2536 14394.39 3716.091 40.09786 0.751288
43.78416 1.905305 1020.89 270.759 1.235076 1.683794 2.915375 115.8374 0.076062 0.004394 0.021669 37.85129 419.477 4179.806 842.9738 25.91906 1048.939 86.83118 266.1122 425.5 1.220531 1.719469 1.691592 1.424122 118.8878 14.25531 0.077826 0.017307 0.214773 14461.88 4529.861 12.2536 14233.46 2557.022 40.09786 0.751288
28.86314 1.890574 1125.385 242.381 1.143316 1.541231 0 147.436 0.086364 0 0.021669 28.86314 419.477 4180 387.7376 25.48716 0 0 0 0 0 0 0 0 0 0 0 0 0.214773 14461.88 4529.861 12.2536 0 0 40.09786 0.751288
26.79966 1.906641 1135.002 239.1995 1.132998 1.526465 0 151.6446 0.087517 0 0.021669 26.79966 419.477 4180 65.98395 25.41366 0 0 0 0 0 0 0 0 0 0 0 0 0.214773 14461.88 4529.861 12.2536 0 0 40.09786 0.751288
25.73815 1.894463 1139.966 237.6072 1.127691 1.51954 0 153.8016 0.088088 0 0.021669 25.73815 419.477 4180 136.6255 25.26147 0 0 0 0 0 0 0 0 0 0 0 0 0.214773 14461.88 4529.861 12.2536 0 0 40.09786 0.751288
25.51948 1.896047 1140.881 237.2792 1.126597 1.518196 0 154.2452 0.08821 0 0.021669 25.51948 419.477 4180 36.87489 25.2204 0 0 0 0 0 0 0 0 0 0 0 0 0.214773 14461.88 4529.861 12.2536 0 0 40.09786 0.751288
0.034261
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-3-3 19:12
122.8574 1.920573 56.8632 511.7374 1.961338 1.094646 0 17.27664 0.020901 0 0.01575 122.8574 304.8912 0 0 32.08516 0 0 0 0 0 0 0 0 0 0 0 0 0.184525 13032.65 3956.84 10.51485 0 0 39.29939 0.553286
48.05329 1.891468 87.93082 425.1097 1.719042 1.4191 99.80912 14.43376 0.017362 0.004436 0.01575 41.56888 304.8912 4179 1364.373 30.31584 1050.853 86.08928 265.644 425.4147 1.218294 1.72 1.68744 1.418587 119.4413 14.23294 0.077992 0.017246 0.184525 13032.65 3956.84 10.51485 13177.87 5277.78 39.29939 0.553286
45.69917 1.880495 521.0069 353.2193 1.49336 1.536272 54.93784 61.82783 0.04465 0.004469 0.01575 40.22489 304.8912 4179 1132.263 28.84752 1051.951 85.50622 265.2198 425.4 1.217049 1.72 1.685099 1.414198 119.8802 14.21099 0.078124 0.017192 0.184525 13032.65 3956.84 10.51485 13177.87 3973.441 39.29939 0.553286
44.15195 1.87127 796.7537 307.3366 1.349697 1.610436 26.46278 92.11945 0.062071 0.004496 0.01575 38.41492 304.8912 4179 722.6466 27.91039 1052.873 85.02605 264.8508 425.4 1.216127 1.720873 1.682381 1.410508 120.1619 14.19254 0.078235 0.017155 0.184525 13032.65 3956.84 10.51485 12979.36 3186.77 39.29939 0.553286
42.98445 1.872252 1039.519 267.0889 1.223137 1.678953 1.369866 118.6812 0.077386 0.004493 0.01575 36.98889 304.8912 4179.25 633.8957 27.08841 1052.775 85.07713 264.8901 425.4 1.216225 1.720775 1.682676 1.410901 120.1324 14.19451 0.078223 0.017159 0.184525 13032.65 3956.84 10.51485 12853.57 2250.329 39.29939 0.553286
28.98055 1.854697 1124.189 242.5689 1.143903 1.54277 0 147.0577 0.086257 0 0.01575 28.98055 304.8912 4179.537 250.9184 26.76306 0 0 0 0 0 0 0 0 0 0 0 0 0.184525 13032.65 3956.84 10.51485 0 0 39.29939 0.553286
27.56762 1.873783 1131.162 240.3514 1.136838 1.532498 0 149.9599 0.087062 0 0.01575 27.56762 304.8912 4179.619 1.273134 26.76141 0 0 0 0 0 0 0 0 0 0 0 0 0.184525 13032.65 3956.84 10.51485 0 0 39.29939 0.553286
26.87171 1.861687 1134.543 239.3076 1.133358 1.527868 0 151.3162 0.087432 0 0.01575 26.87171 304.8912 4179.653 104.7789 26.62555 0 0 0 0 0 0 0 0 0 0 0 0 0.184525 13032.65 3956.84 10.51485 0 0 39.29939 0.553286
26.76663 1.863433 1134.996 239.1499 1.132833 1.527098 0 151.5438 0.087492 0 0.01575 26.76663 304.8912 4179.695 25.46542 26.59253 0 0 0 0 0 0 0 0 0 0 0 0 0.184525 13032.65 3956.84 10.51485 0 0 39.29939 0.553286  
 
 252
 
 
 
Experimental data for condensing R22 in helical wire-inserted tubes with a pitch of p = 7.77 mm 
 
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-4-10 16:51
110.883485 1.790407 54.908703 475.591076 1.857248 0.852079 0 16.721502 0.016957 0 0.041901 110.883485 811.135585 0 0 31.514637 0 0 0 0 0 0 0 0 0 0 0 0 0.248713 15841.14638 6636.330654 13.911315 0 0 39.81533 1.78069
44.2986 1.700744 224.16665 393.481182 1.619191 1.088072 85.497183 30.973609 0.022485 0 0.041901 42.219963 811.135585 4179 3440.491887 28.204475 1108.925597 74.085716 255.422315 416.899994 1.184074 1.693 1.370149 1.040223 132.270241 13.790744 0.074912 0.013592 0.248713 15841.14638 6636.330654 13.911315 16117.72834 10941.72856 39.81533 1.78069
42.453677 1.627449 543.086528 342.712296 1.461187 1.172029 54.857481 68.576365 0.041517 0 0.041901 40.597693 811.135585 4179.409384 2127.270272 26.157988 1117.25509 70.600109 252.923472 416.600006 1.176745 1.695255 1.35649 1.020235 135.302035 13.667449 0.075758 0.01334 0.248713 15841.14638 6636.330654 13.911315 16117.72834 8050.577194 39.81533 1.78069
40.999322 1.571128 792.437619 302.879626 1.335574 1.239112 31.388931 98.770338 0.056563 0 0.041901 39.080699 811.135585 4180 1669.03124 24.552566 1123.887226 67.943003 250.945105 416.399994 1.170226 1.697 1.346113 1.005226 137.743616 13.581128 0.076426 0.013145 0.248713 15841.14638 6636.330654 13.911315 15771.38896 6019.498367 39.81533 1.78069
40.313091 1.5453 985.87537 272.250136 1.238341 1.295256 13.348782 122.109034 0.068237 0 0.041901 37.362963 811.135585 4180.032339 1283.408226 23.31808 1127.470027 66.739086 250.058987 416.299988 1.16753 1.698 1.34106 0.997931 138.83502 13.5353 0.076736 0.013061 0.248713 15841.14638 6636.330654 13.911315 15495.92906 4463.309259 39.81533 1.78069
34.732761 1.523137 1152.675269 242.652589 1.143931 1.302934 0 148.939666 0.079433 0 0.041901 34.732761 811.135585 4180.591525 1042.119244 22.315819 0 0 0 0 0 0 0 0 0 0 0 0 0.248713 15841.14638 6636.330654 13.911315 0 0 39.81533 1.78069
27.44963 1.524005 1183.681576 233.384524 1.113534 1.262248 0 162.541723 0.082898 0 0.041901 27.44963 811.135585 4181.008619 692.6742 21.649704 0 0 0 0 0 0 0 0 0 0 0 0 0.248713 15841.14638 6636.330654 13.911315 0 0 39.81533 1.78069
23.017023 1.51169 1201.165711 227.820431 1.095068 1.241838 0 171.114024 0.084959 0 0.041901 23.017023 811.135585 4181.274516 413.344473 21.252234 0 0 0 0 0 0 0 0 0 0 0 0 0.248713 15841.14638 6636.330654 13.911315 0 0 39.81533 1.78069
21.882956 1.503339 1205.534958 226.447849 1.090356 1.236532 0 173.340771 0.085477 0 0.041901 21.882956 811.135585 4181.41677 178.40641 21.080685 0 0 0 0 0 0 0 0 0 0 0 0 0.248713 15841.14638 6636.330654 13.911315 0 0 39.81533 1.78069
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-4-10 13:21
103.371057 1.75153 55.180656 469.581539 1.84301 0.852318 0 16.385455 0.016443 0 0.036358 103.371057 703.832644 0 0 31.404745 0 0 0 0 0 0 0 0 0 0 0 0 0.205733 13744.00686 5847.19502 13.970683 0 0 39.758712 1.188565
43.761071 1.679243 214.986164 394.655047 1.624054 1.079996 86.340629 30.055943 0.021937 0 0.036358 41.827861 703.832644 4179 2724.183754 28.236197 1112.075712 73.063657 254.677283 416.799988 1.181924 1.694 1.365849 1.034773 133.130291 13.749243 0.075158 0.013517 0.205733 13744.00686 5847.19502 13.970683 13998.29129 9670.125049 39.758712 1.188565
42.383583 1.624753 533.357018 344.205631 1.466062 1.168198 55.791696 67.486207 0.040941 0 0.036358 40.524403 703.832644 4179.415209 1834.244123 26.102966 1117.524679 70.473402 252.842595 416.600006 1.176475 1.695525 1.355951 1.019426 135.409873 13.664753 0.075788 0.013329 0.205733 13744.00686 5847.19502 13.970683 13998.29129 6804.036858 39.758712 1.188565
41.276838 1.581802 784.194842 304.366284 1.340732 1.238223 32.116178 97.521318 0.056029 0 0.036358 39.25592 703.832644 4180 1448.482357 24.418612 1122.819852 68.444671 251.354048 416.41801 1.17218 1.697 1.34736 1.00754 137.227942 13.593603 0.076298 0.013185 0.205733 13744.00686 5847.19502 13.970683 13686.63457 4944.354795 39.758712 1.188565
40.75717 1.562117 993.930079 271.176885 1.234634 1.30212 12.377095 122.699499 0.068685 0 0.036358 37.426665 703.832644 4180.141483 1206.702963 23.015457 1124.788264 67.527399 250.663524 416.399994 1.169212 1.697788 1.344423 1.002635 138.115304 13.564235 0.076535 0.013116 0.205733 13744.00686 5847.19502 13.970683 13438.85441 3650.225298 39.758712 1.188565
33.904796 1.545535 1156.380814 241.576232 1.140619 1.297518 0 150.553503 0.079852 0 0.036358 33.904796 703.832644 4180.749018 883.328624 21.988471 0 0 0 0 0 0 0 0 0 0 0 0 0.205733 13744.00686 5847.19502 13.970683 0 0 39.758712 1.188565
26.305843 1.547917 1188.734968 231.897597 1.108236 1.256529 0 164.813455 0.083455 0 0.036358 26.305843 703.832644 4181.171933 571.75598 21.323797 0 0 0 0 0 0 0 0 0 0 0 0 0.205733 13744.00686 5847.19502 13.970683 0 0 39.758712 1.188565
22.529249 1.537207 1203.627135 227.235104 1.092767 1.239252 0 172.155299 0.085202 0 0.036358 22.529249 703.832644 4181.413193 258.391794 21.02343 0 0 0 0 0 0 0 0 0 0 0 0 0.205733 13744.00686 5847.19502 13.970683 0 0 39.758712 1.188565
21.568257 1.529626 1207.319485 226.038738 1.088505 1.235273 0 174.022739 0.085642 0 0.036358 21.568257 703.832644 4181.530993 146.961486 20.8526 0 0 0 0 0 0 0 0 0 0 0 0 0.205733 13744.00686 5847.19502 13.970683 0 0 39.758712 1.188565
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-4-10 14:03
107.883445 1.769488 54.819868 473.211877 1.852137 0.851634 0 16.583133 0.016748 0 0.032586 107.883445 630.81932 0 0 31.931002 0 0 0 0 0 0 0 0 0 0 0 0 0.170883 11963.75912 5170.904889 14.628224 0 0 40.287658 0.605147
44.511177 1.709247 213.417193 395.230121 1.62471 1.087005 86.559034 29.677177 0.021844 0 0.032586 42.16011 630.81932 4179 2541.145836 28.372578 1108.075287 74.493861 255.677411 416.899994 1.184925 1.693 1.371849 1.042774 131.930109 13.799247 0.074818 0.013618 0.170883 11963.75912 5170.904889 14.628224 12208.23024 9137.361899 40.287658 0.605147
43.471755 1.66767 534.613193 344.636441 1.466113 1.17882 55.59777 66.965243 0.04092 0 0.032586 41.120149 630.81932 4179.390823 1648.666596 26.064129 1113.232976 72.508174 254.306805 416.776696 1.180767 1.694 1.363534 1.031301 133.616488 13.73534 0.075288 0.013473 0.170883 11963.75912 5170.904889 14.628224 12208.23024 6048.255145 40.287658 0.605147
42.624302 1.634172 800.871208 302.523815 1.333688 1.256223 30.192372 98.393232 0.056865 0 0.032586 40.109956 630.81932 4180 1372.299486 24.142927 1116.582793 70.916089 253.16688 416.641729 1.177417 1.695 1.357417 1.022252 135.033117 13.678344 0.07568 0.013363 0.170883 11963.75912 5170.904889 14.628224 11916.97169 4160.16454 40.287658 0.605147
42.304462 1.62171 1021.090688 267.883011 1.224162 1.324235 9.235172 124.276706 0.070049 0 0.032586 37.760418 630.81932 4180.323589 1128.819605 22.562716 1117.828988 70.330376 252.751301 416.600006 1.176171 1.695829 1.355342 1.018513 135.5316 13.66171 0.075821 0.013317 0.170883 11963.75912 5170.904889 14.628224 11671.79149 3086.83789 40.287658 0.605147
31.278823 1.607125 1167.987477 238.234585 1.129115 1.280633 0 155.59874 0.081162 0 0.032586 31.278823 630.81932 4181.00045 805.36494 21.435485 0 0 0 0 0 0 0 0 0 0 0 0 0.170883 11963.75912 5170.904889 14.628224 0 0 40.287658 0.605147
24.878904 1.609218 1194.484383 230.142578 1.102516 1.248493 0 167.776831 0.084173 0 0.032586 24.878904 630.81932 4181.409075 362.45981 20.928217 0 0 0 0 0 0 0 0 0 0 0 0 0.170883 11963.75912 5170.904889 14.628224 0 0 40.287658 0.605147
21.836337 1.600214 1206.654652 226.387244 1.089345 1.235345 0 173.727749 0.085575 0 0.032586 21.836337 630.81932 4181.603437 193.061666 20.658037 0 0 0 0 0 0 0 0 0 0 0 0 0.170883 11963.75912 5170.904889 14.628224 0 0 40.287658 0.605147
21.059281 1.596534 1209.762876 225.377069 1.086237 1.232306 0 175.267566 0.08593 0 0.032586 21.059281 630.81932 4181.714673 124.884293 20.483272 0 0 0 0 0 0 0 0 0 0 0 0 0.170883 11963.75912 5170.904889 14.628224 0 0 40.287658 0.605147
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-4-10 15:04
107.30213 1.739709 53.889852 473.030258 1.852667 0.849376 0 16.547969 0.016691 0 0.027743 107.30213 537.064055 0 0 32.857255 0 0 0 0 0 0 0 0 0 0 0 0 0.145642 10715.89928 4858.868928 13.339609 0 0 39.873876 0.811973
44.19766 1.696706 226.30058 393.085766 1.61803 1.087915 85.280746 31.247562 0.022612 0 0.027743 41.642309 537.064055 4179 2217.92177 29.213181 1109.329356 73.891911 255.301191 416.867056 1.183671 1.693 1.369341 1.039341 132.431743 13.783413 0.07496 0.013577 0.145642 10715.89928 4858.868928 13.339609 10930.08739 9001.139992 39.873876 0.811973
43.333734 1.662149 532.215147 344.897424 1.467099 1.176611 55.8374 66.793714 0.040792 0 0.027743 40.822263 537.064055 4179 1336.90226 27.016634 1113.78506 72.243171 254.085974 416.721501 1.180215 1.694 1.36243 1.029645 133.89253 13.724299 0.075354 0.013456 0.145642 10715.89928 4858.868928 13.339609 10930.08739 5726.969252 39.873876 0.811973
42.648872 1.635155 804.307108 302.00855 1.332029 1.257499 29.858514 98.771398 0.057065 0 0.027743 39.580975 537.064055 4179.980314 1189.877703 25.062109 1116.484513 70.962281 253.206192 416.651558 1.177515 1.695 1.357516 1.022546 134.993805 13.68031 0.075668 0.013365 0.145642 10715.89928 4858.868928 13.339609 10685.72191 3953.801725 39.873876 0.811973
42.478652 1.62841 1031.036902 266.419566 1.219496 1.329018 8.229431 125.257018 0.070612 0 0.027743 37.449956 537.064055 4180 987.35485 23.44026 1117.159032 70.645256 252.95229 416.600006 1.176841 1.695159 1.356682 1.020523 135.263611 13.66841 0.075747 0.013344 0.145642 10715.89928 4858.868928 13.339609 10465.78476 2864.676951 39.873876 0.811973
31.417167 1.613778 1167.491935 238.400599 1.129669 1.281388 0 155.362495 0.081102 0 0.027743 31.417167 537.064055 4180.567003 699.303908 22.291726 0 0 0 0 0 0 0 0 0 0 0 0 0.145642 10715.89928 4858.868928 13.339609 0 0 39.873876 0.811973
25.140334 1.616682 1193.438665 230.468403 1.103561 1.249655 0 167.295413 0.084057 0 0.027743 25.140334 537.064055 4180.961162 260.680786 21.863625 0 0 0 0 0 0 0 0 0 0 0 0 0.145642 10715.89928 4858.868928 13.339609 0 0 39.873876 0.811973
22.372557 1.610916 1204.509771 227.047074 1.091781 1.23749 0 172.684847 0.085334 0 0.027743 22.372557 537.064055 4181.14373 184.006331 21.561455 0 0 0 0 0 0 0 0 0 0 0 0 0.145642 10715.89928 4858.868928 13.339609 0 0 39.873876 0.811973
21.835785 1.606526 1206.656861 226.386526 1.089343 1.235322 0 173.741477 0.085581 0 0.027743 21.835785 537.064055 4181.25208 79.913854 21.430226 0 0 0 0 0 0 0 0 0 0 0 0 0.145642 10715.89928 4858.868928 13.339609 0 0 39.873876 0.811973
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-4-10 15:46
109.823848 1.697872 51.891613 475.562747 1.86181 0.844986 0 16.640341 0.016826 0 0.022201 109.823848 429.766705 0 0 33.500845 0 0 0 0 0 0 0 0 0 0 0 0 0.114336 9000.8829 4079.234215 12.818298 0 0 39.905952 0.649825
43.481686 1.668067 201.633376 396.625958 1.630333 1.072632 87.593893 28.606155 0.021142 0 0.022201 41.347862 429.766705 4179 1752.442651 29.8332 1113.193252 72.527241 254.322694 416.780667 1.180807 1.694 1.363613 1.03142 133.596626 13.736135 0.075283 0.013474 0.114336 9000.8829 4079.234215 12.818298 9184.277501 7945.612495 39.905952 0.649825
42.931838 1.646225 514.05616 347.546459 1.476076 1.166848 57.603971 64.937442 0.039742 0 0.022201 40.678782 429.766705 4179 1089.593429 27.552817 1115.377544 71.488778 253.586732 416.700012 1.178622 1.695 1.359245 1.025245 134.551015 13.702449 0.075535 0.013399 0.114336 9000.8829 4079.234215 12.818298 9184.277501 4843.128187 39.905952 0.649825
42.427197 1.626431 781.89994 305.354173 1.342869 1.248498 32.045805 96.35061 0.055762 0 0.022201 39.948091 429.766705 4179.713604 936.693297 25.592769 1117.356935 70.552241 252.892918 416.600006 1.176643 1.695357 1.356286 1.019929 135.342774 13.666431 0.075769 0.013336 0.114336 9000.8829 4079.234215 12.818298 8973.271523 3185.788831 39.905952 0.649825
42.374701 1.624412 1017.016056 268.557333 1.226287 1.323566 9.602009 123.732215 0.069794 0 0.022201 37.649072 429.766705 4180 816.911268 23.883484 1117.558838 70.457347 252.832347 416.600006 1.176441 1.695559 1.355882 1.019324 135.423537 13.664412 0.075791 0.013328 0.114336 9000.8829 4079.234215 12.818298 8790.26927 2343.89182 39.905952 0.649825
30.875529 1.608445 1169.770238 237.738183 1.127502 1.278357 0 156.368179 0.081355 0 0.022201 30.875529 429.766705 4180.362188 581.073803 22.667766 0 0 0 0 0 0 0 0 0 0 0 0 0.114336 9000.8829 4079.234215 12.818298 0 0 39.905952 0.649825
25.345328 1.61856 1192.61869 230.714395 1.104381 1.250598 0 166.905298 0.083963 0 0.022201 25.345328 429.766705 4180.773605 205.522733 22.237815 0 0 0 0 0 0 0 0 0 0 0 0 0.114336 9000.8829 4079.234215 12.818298 0 0 39.905952 0.649825
22.713311 1.605716 1203.146754 227.455978 1.093485 1.238853 0 171.992959 0.085169 0 0.022201 22.713311 429.766705 4180.955204 141.710213 21.941371 0 0 0 0 0 0 0 0 0 0 0 0 0.114336 9000.8829 4079.234215 12.818298 0 0 39.905952 0.649825
22.225127 1.607363 1205.099493 226.870158 1.091093 1.2369 0 172.967782 0.0854 0 0.022201 22.225127 429.766705 4181.073144 83.811174 21.766052 0 0 0 0 0 0 0 0 0 0 0 0 0.114336 9000.8829 4079.234215 12.818298 0 0 39.905952 0.649825
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-4-10 16:14
111.981064 1.658256 50.105972 477.718483 1.869302 0.841432 0 16.712544 0.016944 0 0.016731 111.981064 323.888711 0 0 35.500692 0 0 0 0 0 0 0 0 0 0 0 0 0.076357 6751.669439 3344.070919 11.734119 0 0 40.078555 0.836008
42.779055 1.640348 192.053499 397.812375 1.635203 1.062703 88.433041 27.697748 0.020579 0 0.016731 41.254048 323.888711 4179 1336.926023 31.310946 1115.965173 71.206719 253.410442 416.700012 1.178035 1.695 1.35807 1.02407 134.786072 13.690696 0.075606 0.013381 0.076357 6751.669439 3344.070919 11.734119 6900.214136 7744.963241 40.078555 0.836008
42.414034 1.625924 473.627909 353.558954 1.495638 1.149311 61.495128 60.525237 0.037377 0 0.016731 40.732316 323.888711 4179 740.413368 28.990589 1117.40756 70.528448 252.877731 416.600006 1.176592 1.695408 1.356185 1.019777 135.363025 13.665924 0.075775 0.013334 0.076357 6751.669439 3344.070919 11.734119 6900.214136 4301.722391 40.078555 0.836008
42.124047 1.614562 736.889048 312.272359 1.365096 1.230941 36.431137 91.310188 0.053095 0 0.016731 40.059936 323.888711 4179.045898 690.774759 26.825818 1119.087614 69.988971 252.482478 416.600006 1.175456 1.696 1.353912 1.016369 135.817526 13.649124 0.075905 0.013294 0.076357 6751.669439 3344.070919 11.734119 6742.013875 2701.189512 40.078555 0.836008
42.112377 1.614095 987.053773 273.13342 1.240967 1.311306 12.592965 120.449105 0.068025 0 0.016731 38.267919 323.888711 4180 654.841897 24.774122 1119.180973 69.966565 252.463806 416.600006 1.175409 1.696 1.353819 1.016229 135.836197 13.64819 0.075911 0.013292 0.076357 6751.669439 3344.070919 11.734119 6593.286501 1861.429495 40.078555 0.836008
32.934128 1.599827 1161.260263 240.314384 1.136671 1.290608 0 152.517896 0.080371 0 0.016731 32.934128 323.888711 4180.028229 530.197913 23.112962 0 0 0 0 0 0 0 0 0 0 0 0 0.076357 6751.669439 3344.070919 11.734119 0 0 40.078555 0.836008
25.932119 1.606427 1190.271524 231.418543 1.106728 1.253541 0 165.742706 0.083677 0 0.016731 25.932119 323.888711 4180.572611 164.8315 22.596596 0 0 0 0 0 0 0 0 0 0 0 0 0.076357 6751.669439 3344.070919 11.734119 0 0 40.078555 0.836008
22.978493 1.6007 1202.086029 227.774194 1.094879 1.239914 0 171.44578 0.085041 0 0.016731 22.978493 323.888711 4180.79538 119.619701 22.221885 0 0 0 0 0 0 0 0 0 0 0 0 0.076357 6751.669439 3344.070919 11.734119 0 0 40.078555 0.836008
22.491253 1.598866 1204.034989 227.189508 1.092456 1.237988 0 172.414066 0.085268 0 0.016731 22.491253 323.888711 4180.907326 23.32877 22.148809 0 0 0 0 0 0 0 0 0 0 0 0 0.076357 6751.669439 3344.070919 11.734119 0 0 40.078555 0.836008  
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Experimental data for condensing R134a in helical wire-inserted tubes with a pitch of p = 7.77 mm 
 
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw DDensity(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-4-17 15:02
81.01354 1.310983 53.907616 458.9611 1.812942 1.09118 0 14.41494 0.018584 0 0.040931 81.01354 792.35 0 0 32.56213 0 0 0 0 0 0 0 0 0 0 0 0.18734 12897.15 6572.038 13.98159 0 0 40.24825 1.598904
46.81988 1.215621 260.599947 392.8065 1.616464 1.273426 81.070433 38.74903 0.026798 0.005278 0.040931 43.87577 792.35 4179 2707.752 29.10348 60.66355 266.6811 422.2562 1.222562 1.708438 1.542124 1.210686 149.3627 12.92124 0.071791 0.016292 0.18734 12897.15 6572.038 13.98159 13172.49 9138.602 40.24825 1.598904
44.1837 1.135567 564.960872 345.973 1.472558 1.345179 52.559333 80.10804 0.042976 0.005602 0.040931 41.46181 792.35 4179.06 1916.927 26.65499 56.35503 262.6783 421.1557 1.210113 1.709443 1.524113 1.18367 154.7103 12.77113 0.072916 0.015952 0.18734 12897.15 6572.038 13.98159 13172.49 7092.588 40.24825 1.598904
41.78959 1.066274 798.730785 309.6171 1.358927 1.400051 31.346838 113.5752 0.055674 0.005899 0.040931 39.12265 792.35 4180 1488.067 24.75472 52.68625 259.1137 420.2255 1.198627 1.71 1.509255 1.160882 159.6608 12.64255 0.073946 0.015655 0.18734 12897.15 6572.038 13.98159 12841.01 5667.31 40.24825 1.598904
40.7079 1.036053 1020.580505 275.759 1.251945 1.462588 11.27576 145.0773 0.067764 0.00604 0.040931 36.53279 792.35 4180.065 1385.836 22.98502 51.1008 257.4632 419.7211 1.193605 1.711 1.502211 1.150816 161.9158 12.58211 0.074403 0.015524 0.18734 12897.15 6572.038 13.98159 12583.86 4431.22 40.24825 1.598904
34.80571 1.016267 1169.233565 248.7086 1.166029 1.467703 0 175.3119 0.077054 0 0.040931 34.80571 792.35 4180.779 852.1217 21.89706 0 0 0 0 0 0 0 0 0 0 0 0.18734 12897.15 6572.038 13.98159 0 0 40.24825 1.598904
27.32533 1.005422 1199.698688 237.8555 1.130228 1.430591 0 193.3084 0.080372 0 0.040931 27.32533 792.35 4181.315 826.5724 20.84185 0 0 0 0 0 0 0 0 0 0 0 0.18734 12897.15 6572.038 13.98159 0 0 40.24825 1.598904
23.09806 1.001965 1215.74127 231.8373 1.10949 1.412486 0 204.1529 0.082238 0 0.040931 23.09806 792.35 4181.678 311.3635 20.4444 0 0 0 0 0 0 0 0 0 0 0 0.18734 12897.15 6572.038 13.98159 0 0 40.24825 1.598904
21.38557 0.993076 1222.457733 229.4398 1.101928 1.405681 0 208.6313 0.082986 0 0.040931 21.38557 792.35 4181.849 223.8914 20.15861 0 0 0 0 0 0 0 0 0 0 0 0.18734 12897.15 6572.038 13.98159 0 0 40.24825 1.598904
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw DDensity(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-4-17 15:05
81.03494 1.26568 51.655619 459.6852 1.817537 1.082787 0 14.39081 0.018538 0 0.036801 81.03494 712.3992 0 0 31.73581 0 0 0 0 0 0 0 0 0 0 0 0.17796 12332.46 6008.436 14.092127 0 0 39.74497 0.939741
45.85264 1.185838 252.779563 393.3074 1.619493 1.261501 81.764287 38.11349 0.026382 0.005397 0.036801 42.95526 712.3992 4179 2442.744 28.4512 59.04939 265.2919 421.8584 1.218168 1.709 1.535751 1.200335 151.2914 12.87168 0.072198 0.016163 0.17796 12332.46 6008.436 14.092127 12593.76 8587.14 39.74497 0.939741
43.61588 1.118739 570.355557 344.7995 1.469584 1.341868 52.132491 81.26084 0.043295 0.005675 0.036801 40.87639 712.3992 4179.374 1785.119 26.05108 55.46193 261.837 420.9748 1.207748 1.71 1.520748 1.177622 155.8882 12.73874 0.073159 0.015875 0.17796 12332.46 6008.436 14.092127 12593.76 6406.928 39.74497 0.939741
41.70504 1.063858 816.66927 306.878 1.350378 1.405204 29.708279 116.1016 0.056651 0.005911 0.036801 38.87769 712.3992 4180 1395.534 24.17504 52.56064 258.9929 420.1772 1.198386 1.71 1.508772 1.160158 159.8299 12.63772 0.073982 0.015645 0.17796 12332.46 6008.436 14.092127 12280.63 4901.33 39.74497 0.939741
40.87093 1.040581 1049.987795 271.5305 1.238131 1.473285 8.515384 148.8741 0.069325 0.006017 0.036801 36.27052 712.3992 4180.35 1300.807 22.42649 51.34023 257.7291 419.8058 1.194116 1.711 1.503174 1.152174 161.5593 12.59116 0.074331 0.015542 0.17796 12332.46 6008.436 14.092127 12035.89 3766.125 39.74497 0.939741
32.90751 1.029283 1177.369958 245.9613 1.156537 1.456952 0 179.8391 0.077915 0 0.036801 32.90751 712.3992 4181.031 727.9525 21.44814 0 0 0 0 0 0 0 0 0 0 0 0.17796 12332.46 6008.436 14.092127 0 0 39.74497 0.939741
25.70292 1.022585 1206.188303 235.5841 1.122515 1.42336 0 197.533 0.081109 0 0.036801 25.70292 712.3992 4181.485 620.9975 20.61362 0 0 0 0 0 0 0 0 0 0 0 0.17796 12332.46 6008.436 14.092127 0 0 39.74497 0.939741
22.21273 1.017456 1219.223358 230.5978 1.105851 1.408851 0 206.5167 0.08264 0 0.036801 22.21273 712.3992 4181.764 209.6292 20.33193 0 0 0 0 0 0 0 0 0 0 0 0.17796 12332.46 6008.436 14.092127 0 0 39.74497 0.939741
20.99986 1.007701 1224.000563 228.8998 1.099999 1.404 0 209.7312 0.083166 0 0.036801 20.99986 712.3992 4181.894 179.9737 20.0901 0 0 0 0 0 0 0 0 0 0 0 0.17796 12332.46 6008.436 14.092127 0 0 39.74497 0.939741
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw DDensity(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-4-17 15:32
82.07398 1.249962 50.62044 460.982 1.822225 1.078919 0 14.42294 0.018595 0 0.032185 82.07398 623.0522 0 0 32.59997 0 0 0 0 0 0 0 0 0 0 0 0.147678 10801.61 5438.958 13.880696 0 0 40.10976 0.664686
45.84149 1.1855 236.655426 395.6766 1.626927 1.256283 83.281171 36.01722 0.025531 0.005398 0.032185 42.89827 623.0522 4179 2101.864 29.1942 59.03149 265.275 421.855 1.2181 1.709 1.53565 1.2002 151.315 12.871 0.072203 0.016162 0.147678 10801.61 5438.958 13.880696 11042.28 8257.712 40.10976 0.664686
44.06292 1.131907 553.120479 347.6285 1.47796 1.340469 53.669862 78.64653 0.042361 0.00562 0.032185 41.14676 623.0522 4179.029 1546.439 26.68843 56.16105 262.4953 421.1191 1.209381 1.709809 1.523381 1.182572 154.9665 12.76381 0.072971 0.015938 0.147678 10801.61 5438.958 13.880696 11042.28 5824.98 40.10976 0.664686
42.53636 1.08761 804.611533 309.2127 1.357753 1.407612 30.588631 113.5969 0.055922 0.00581 0.032185 39.555 623.0522 4180 1236.418 24.68547 53.81335 260.1805 420.4761 1.202522 1.71 1.513522 1.167283 158.0673 12.68522 0.073626 0.015748 0.147678 10801.61 5438.958 13.880696 10760.07 4231.14 40.10976 0.664686
41.90948 1.0697 1050.033412 272.4775 1.240842 1.481424 8.193652 147.3951 0.069124 0.005882 0.032185 36.83901 623.0522 4180.136 1182.331 22.77019 52.86438 259.285 420.294 1.19897 1.71 1.50994 1.16191 159.421 12.6494 0.073895 0.015669 0.147678 10801.61 5438.958 13.880696 10533.64 3230.502 40.10976 0.664686
32.52464 1.061522 1179.010983 245.387 1.154623 1.454623 0 180.887 0.078114 0 0.032185 32.52464 623.0522 4180.884 663.563 21.69546 0 0 0 0 0 0 0 0 0 0 0 0.147678 10801.61 5438.958 13.880696 0 0 40.10976 0.664686
25.42272 1.055002 1207.309131 235.1918 1.121114 1.421691 0 198.3632 0.081258 0 0.032185 25.42272 623.0522 4181.35 488.6181 20.90417 0 0 0 0 0 0 0 0 0 0 0 0.147678 10801.61 5438.958 13.880696 0 0 40.10976 0.664686
22.28164 1.049111 1219.150086 230.6943 1.106127 1.409127 0 206.4642 0.082635 0 0.032185 22.28164 623.0522 4181.621 181.6425 20.61003 0 0 0 0 0 0 0 0 0 0 0 0.147678 10801.61 5438.958 13.880696 0 0 40.10976 0.664686
21.14378 1.043372 1223.424892 229.1013 1.100719 1.404575 0 209.4853 0.083131 0 0.032185 21.14378 623.0522 4181.757 152.6513 20.36284 0 0 0 0 0 0 0 0 0 0 0 0.147678 10801.61 5438.958 13.880696 0 0 40.10976 0.664686
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw DDensity(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-4-17 16:22
85.13346 1.219047 48.434814 464.7719 1.833877 1.071047 0 14.53296 0.018789 0 0.026806 85.13346 518.922 0 0 34.8894 0 0 0 0 0 0 0 0 0 0 0 0.117877 9337.403 5223.345 12.048806 0 0 40.47528 1.697373
45.37888 1.171481 202.751706 400.4065 1.642169 1.241122 86.439976 31.75287 0.023739 0.005454 0.026806 42.91867 518.922 4179 1725.385 31.38685 58.27998 264.5741 421.7148 1.216148 1.709 1.532296 1.195444 152.2963 12.84296 0.072399 0.016106 0.117877 9337.403 5223.345 12.048806 9541.379 8560.405 40.47528 1.697373
43.91502 1.127501 501.342424 355.1904 1.502036 1.322685 58.510957 71.88517 0.039615 0.00564 0.026806 41.46744 518.922 4179 1212.067 28.92634 55.92754 262.275 421.075 1.20875 1.71 1.5225 1.181 155.275 12.755 0.073035 0.015918 0.117877 9337.403 5223.345 12.048806 9541.379 5764.475 40.47528 1.697373
42.62327 1.090094 748.42756 317.589 1.3843 1.390308 35.758253 105.9713 0.05291 0.0058 0.026806 39.80266 518.922 4179.048 1007.948 26.88022 53.94486 260.3056 420.5019 1.203009 1.71 1.514028 1.168037 157.8935 12.69019 0.073589 0.01576 0.117877 9337.403 5223.345 12.048806 9309.742 4251.676 40.47528 1.697373
42.1036 1.075246 994.022959 280.8956 1.267708 1.464947 13.267777 139.5669 0.0661 0.005859 0.026806 37.71234 518.922 4180 983.6078 24.88396 53.15803 259.5623 420.3524 1.200049 1.71 1.511049 1.163574 158.9803 12.66049 0.073811 0.015691 0.117877 9337.403 5223.345 12.048806 9115.424 3154.321 40.47528 1.697373
36.07424 1.060444 1163.911913 250.6039 1.171371 1.474178 0 172.571 0.076527 0 0.026806 36.07424 518.922 4180 664.6999 23.53494 0 0 0 0 0 0 0 0 0 0 0 0.117877 9337.403 5223.345 12.048806 0 0 40.47528 1.697373
28.27515 1.062831 1196.156011 239.2127 1.134376 1.434305 0 191.191 0.080001 0 0.026806 28.27515 518.922 4180.502 531.5783 22.45622 0 0 0 0 0 0 0 0 0 0 0 0.117877 9337.403 5223.345 12.048806 0 0 40.47528 1.697373
24.15687 1.053829 1212.372526 233.3353 1.114784 1.416563 0 201.6075 0.081814 0 0.026806 24.15687 518.922 4180.882 217.9552 22.01396 0 0 0 0 0 0 0 0 0 0 0 0.117877 9337.403 5223.345 12.048806 0 0 40.47528 1.697373
22.67758 1.049168 1217.955986 231.2486 1.10771 1.41071 0 205.435 0.082461 0 0.026806 22.67758 518.922 4181.065 141.906 21.72604 0 0 0 0 0 0 0 0 0 0 0 0.117877 9337.403 5223.345 12.048806 0 0 40.47528 1.697373
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw DDensity(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-4-17 16:48
86.35629 1.192073 46.908102 466.4029 1.839862 1.066432 0 14.57108 0.018858 0 0.022177 86.35629 429.3126 0 0 35.16596 0 0 0 0 0 0 0 0 0 0 0 0.095767 8001.368 4540.348 11.817756 0 0 40.25833 1.273515
44.90188 1.157027 198.828111 400.6015 1.643425 1.235612 86.7684 31.39044 0.023524 0.005512 0.022177 42.33117 429.3126 4179 1459.285 31.51967 57.50241 263.7513 421.4703 1.213405 1.709 1.529405 1.190811 153.2081 12.81405 0.072612 0.016038 0.095767 8001.368 4540.348 11.817756 8184.079 8244.619 40.25833 1.273515
43.90854 1.12731 499.334967 355.4838 1.50297 1.321983 58.69886 71.62266 0.039508 0.005641 0.022177 41.2146 429.3126 4179 1000.583 29.01954 55.91743 262.2655 421.0731 1.208731 1.71 1.522462 1.180924 155.2883 12.75462 0.073038 0.015917 0.095767 8001.368 4540.348 11.817756 8184.079 5096.591 40.25833 1.273515
42.97011 1.100003 757.515614 316.6295 1.380465 1.396684 34.874487 106.8097 0.053338 0.00575 0.022177 39.87576 429.3126 4179.028 861.6747 26.8665 54.46016 260.9001 420.7 1.204001 1.71 1.517001 1.172001 157.1998 12.71001 0.07344 0.0158 0.095767 8001.368 4540.348 11.817756 7982.944 3520.993 40.25833 1.273515
42.64636 1.090753 1017.613764 277.7278 1.25809 1.476684 10.852622 142.0941 0.067304 0.005796 0.022177 37.61179 429.3126 4180 862.7288 24.71134 53.97916 260.3452 420.5151 1.203075 1.71 1.514226 1.168301 157.8473 12.69151 0.073579 0.015763 0.095767 8001.368 4540.348 11.817756 7807.698 2568.233 40.25833 1.273515
34.72886 1.08564 1170.084579 248.5933 1.165125 1.465932 0 175.7662 0.077151 0 0.022177 34.72886 429.3126 4180.019 600.263 23.21184 0 0 0 0 0 0 0 0 0 0 0 0.095767 8001.368 4540.348 11.817756 0 0 40.25833 1.273515
26.78561 1.079548 1202.321834 237.0998 1.127142 1.427464 0 194.9756 0.080678 0 0.022177 26.78561 429.3126 4180.608 341.9011 22.35786 0 0 0 0 0 0 0 0 0 0 0 0.095767 8001.368 4540.348 11.817756 0 0 40.25833 1.273515
23.4845 1.077355 1215.062002 232.3783 1.111422 1.413391 0 203.4497 0.082129 0 0.022177 23.4845 429.3126 4180.909 141.2045 22.0052 0 0 0 0 0 0 0 0 0 0 0 0.095767 8001.368 4540.348 11.817756 0 0 40.25833 1.273515
22.40145 1.075 1219.094907 230.862 1.106307 1.409106 0 206.2562 0.082603 0 0.022177 22.40145 429.3126 4181.05 83.87447 21.79573 0 0 0 0 0 0 0 0 0 0 0 0.095767 8001.368 4540.348 11.817756 0 0 40.25833 1.273515
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw DDensity(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-4-17 17:20
89.77993 1.163852 44.925201 470.4701 1.852955 1.061 0 14.69674 0.019086 0 0.016791 89.77993 325.0524 0 0 36.90939 0 0 0 0 0 0 0 0 0 0 0 0.066439 6170.668 3760.366 10.710707 0 0 40.40801 0.803918
44.36649 1.141073 171.774028 404.2125 1.655492 1.221862 89.253055 27.99367 0.022085 0.005576 0.016791 42.12963 325.0524 4179 1112.553 32.90231 56.64795 262.9537 421.2215 1.211107 1.709 1.525322 1.185322 154.3249 12.78215 0.072835 0.015974 0.066439 6170.668 3760.366 10.710707 6317.913 8081.737 40.40801 0.803918
43.761 1.122971 451.486405 362.4799 1.525232 1.30529 63.171846 65.35353 0.036962 0.005658 0.016791 41.2907 325.0524 4179 700.7465 30.37844 55.68745 262.0485 421.0297 1.208297 1.71 1.521594 1.179188 155.5921 12.74594 0.073098 0.015895 0.066439 6170.668 3760.366 10.710707 6317.913 4461.659 40.40801 0.803918
43.1051 1.103973 703.399848 324.717 1.406123 1.380468 39.85087 99.45535 0.05044 0.005734 0.016791 40.14708 325.0524 4179 634.0884 28.09465 54.67059 261.0987 420.7397 1.204795 1.71 1.517795 1.173192 156.9219 12.71795 0.07338 0.015816 0.066439 6170.668 3760.366 10.710707 6163.891 2931.304 40.40801 0.803918
43.02349 1.101573 971.893403 284.9275 1.28013 1.465614 14.992647 135.444 0.064779 0.005744 0.016791 38.06464 325.0524 4179.554 668.1193 25.68861 54.54338 260.9787 420.7157 1.204315 1.71 1.517315 1.172472 157.0899 12.71315 0.073416 0.015806 0.066439 6170.668 3760.366 10.710707 6022.019 2068.714 40.40801 0.803918
35.6414 1.092932 1166.343733 249.9621 1.169258 1.47099 0 173.6965 0.076751 0 0.016791 35.6414 325.0524 4180 513.6175 23.83916 0 0 0 0 0 0 0 0 0 0 0 0.066439 6170.668 3760.366 10.710707 0 0 40.40801 0.803918
27.32175 1.088165 1200.476322 237.8504 1.129609 1.429769 0 193.6483 0.080448 0 0.016791 27.32175 325.0524 4180.323 269.2504 22.86971 0 0 0 0 0 0 0 0 0 0 0 0.066439 6170.668 3760.366 10.710707 0 0 40.40801 0.803918
23.82867 1.092633 1213.68532 232.8601 1.113143 1.414462 0 202.616 0.081989 0 0.016791 23.82867 325.0524 4180.669 115.4789 22.45395 0 0 0 0 0 0 0 0 0 0 0 0.066439 6170.668 3760.366 10.710707 0 0 40.40801 0.803918
22.7977 1.085237 1217.749454 231.4168 1.108048 1.410486 0 205.2669 0.082437 0 0.016791 22.7977 325.0524 4180.829 62.06955 22.2305 0 0 0 0 0 0 0 0 0 0 0 0.066439 6170.668 3760.366 10.710707 0 0 40.40801 0.803918  
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Experimental data for condensing R407C in helical wire-inserted tubes with a pitch of p = 7.77 mm 
 
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-4-24 11:52
93.10165 1.914742 64.43965 479.1084 1.875492 1.111861 0 16.11291 0.018997 0 0.041679 93.10165 806.8405 0 0 31.76505 0 0 0 0 0 0 0 0 0 0 0 0 0.232296 15059.24 6729.002 14.3441 0 0 40.19629 1.765919
46.16817 1.837721 235.0957 400.0968 1.641962 1.441031 84.41054 30.87354 0.026608 0.004587 0.041679 43.88117 806.8405 4179 3293.143 28.37274 1057.228 83.25922 263.6316 425.3 1.212772 1.721228 1.673544 1.398089 121.4912 14.13772 0.07864 0.016999 0.232296 15059.24 6729.002 14.3441 15346.93 9464.496 40.19629 1.765919
43.33556 1.77812 543.0775 348.1014 1.479696 1.508128 52.95646 65.70837 0.046204 0.004766 0.041679 41.4255 806.8405 4179.372 2167.125 26.14055 1064.188 80.15226 261.4248 425.1 1.205812 1.723 1.658624 1.374436 123.8752 14.03624 0.079383 0.016731 0.232296 15059.24 6729.002 14.3441 15346.93 7489.548 40.19629 1.765919
41.16706 1.732704 774.042 308.9281 1.356293 1.561418 29.79074 92.40475 0.06106 0.004912 0.041679 39.08787 806.8405 4180 1632.712 24.45907 1069.459 77.81788 259.7081 424.927 1.20027 1.724 1.647811 1.357811 125.6919 13.95541 0.079955 0.016531 0.232296 15059.24 6729.002 14.3441 14988 6009.498 40.19629 1.765919
39.69579 1.711878 975.9876 274.8554 1.24892 1.614366 9.629969 115.6814 0.074083 0.004974 0.041679 36.39061 806.8405 4180.136 1420.121 22.99658 1071.812 76.74577 258.8751 424.8188 1.198188 1.725 1.642563 1.349751 126.5249 13.92376 0.080226 0.016438 0.232296 15059.24 6729.002 14.3441 14717.89 4768.235 40.19629 1.765919
34.48713 1.692054 1096.405 251.2384 1.173436 1.59362 0 135.594 0.082968 0 0.041679 34.48713 806.8405 4180.715 828.7387 22.14324 0 0 0 0 0 0 0 0 0 0 0 0 0.232296 15059.24 6729.002 14.3441 0 0 40.19629 1.765919
27.13612 1.687726 1131.422 239.7178 1.135681 1.533198 0 150.1787 0.087111 0 0.041679 27.13612 806.8405 4181.149 858.7583 21.25908 0 0 0 0 0 0 0 0 0 0 0 0 0.232296 15059.24 6729.002 14.3441 0 0 40.19629 1.765919
23.08386 1.67985 1149.665 233.6258 1.114453 1.506906 0 158.5433 0.089334 0 0.041679 23.08386 806.8405 4181.459 342.2026 20.90678 0 0 0 0 0 0 0 0 0 0 0 0 0.232296 15059.24 6729.002 14.3441 0 0 40.19629 1.765919
21.72391 1.67389 1155.726 231.5859 1.10762 1.498488 0 161.3753 0.09007 0 0.041679 21.72391 806.8405 4181.592 175.8024 20.72579 0 0 0 0 0 0 0 0 0 0 0 0 0.232296 15059.24 6729.002 14.3441 0 0 40.19629 1.765919
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-4-24 12:20
95.31293 1.884289 62.54182 481.9327 1.884881 1.104488 0 16.18309 0.019087 0 0.036808 95.31293 712.5348 0 0 31.59168 0 0 0 0 0 0 0 0 0 0 0 0 0.203687 13601.85 5986.066 14.61252 0 0 40.06197 1.965435
45.80505 1.820275 231.3942 400.4496 1.644017 1.433533 84.73832 30.60514 0.026374 0.004639 0.036808 43.56321 712.5348 4179 2999.202 28.06822 1058.973 82.34428 263.011 425.2028 1.211027 1.722 1.669082 1.39111 122.189 14.11055 0.078857 0.016921 0.203687 13601.85 5986.066 14.61252 13872.35 8734.132 40.06197 1.965435
43.22696 1.774681 549.5197 346.976 1.476184 1.5091 52.30895 66.4816 0.046621 0.004776 0.036808 41.25271 712.5348 4179.544 1968.235 25.75624 1064.532 79.9734 261.2872 425.1 1.205468 1.723 1.657936 1.373404 124.0128 14.02936 0.079424 0.016713 0.203687 13601.85 5986.066 14.61252 13872.35 6715.024 40.06197 1.965435
41.15029 1.73517 788.8946 306.4782 1.348458 1.566595 28.26086 94.0448 0.06201 0.004904 0.036808 39.11984 712.5348 4180 1490.628 24.00547 1068.966 77.94368 259.8068 424.9517 1.200517 1.724 1.648551 1.358551 125.5932 13.96034 0.079923 0.016541 0.203687 13601.85 5986.066 14.61252 13536.36 5209.247 40.06197 1.965435
39.7947 1.721152 999.9839 271.066 1.23663 1.624412 7.135292 118.1472 0.075565 0.004947 0.036808 36.31211 712.5348 4180.38 1303.438 22.47469 1070.885 77.21991 259.2461 424.9 1.199115 1.724885 1.64523 1.353461 126.1539 13.94115 0.080105 0.016476 0.203687 13601.85 5986.066 14.61252 13281.71 4085.505 40.06197 1.965435
33.36074 1.703398 1102.196 249.4747 1.16714 1.583111 0 137.8282 0.083628 0 0.036808 33.36074 712.5348 4180.995 790.034 21.547 0 0 0 0 0 0 0 0 0 0 0 0 0.203687 13601.85 5986.066 14.61252 0 0 40.06197 1.965435
25.86203 1.705825 1137.69 237.793 1.129072 1.523934 0 152.8892 0.087832 0 0.036808 25.86203 712.5348 4181.412 631.2619 20.80582 0 0 0 0 0 0 0 0 0 0 0 0 0.203687 13601.85 5986.066 14.61252 0 0 40.06197 1.965435
22.29406 1.698682 1153.511 232.4411 1.11047 1.501772 0 160.2772 0.08978 0 0.036808 22.29406 712.5348 4181.68 282.1134 20.47461 0 0 0 0 0 0 0 0 0 0 0 0 0.203687 13601.85 5986.066 14.61252 0 0 40.06197 1.965435
21.14794 1.692984 1158.387 230.7219 1.10474 1.495007 0 162.6613 0.090402 0 0.036808 21.14794 712.5348 4181.807 151.3568 20.29691 0 0 0 0 0 0 0 0 0 0 0 0 0.203687 13601.85 5986.066 14.61252 0 0 40.06197 1.965435
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-4-24 12:47
96.61158 1.844532 60.59619 483.8384 1.891272 1.097732 0 16.21118 0.019111 0 0.031573 96.61158 611.194 0 0 32.27165 0 0 0 0 0 0 0 0 0 0 0 0 0.175091 12234.19 5379.386 13.88512 0 0 39.98797 1.970785
45.23773 1.793503 225.3842 401.1101 1.646759 1.421977 85.27252 30.14537 0.025986 0.004719 0.031573 43.24917 611.194 4179 2611.948 28.70199 1061.65 80.95218 262.0051 425.135 1.20735 1.72265 1.662701 1.380401 123.2599 14.0635 0.079188 0.016798 0.175091 12234.19 5379.386 13.88512 12473.19 8088.81 39.98797 1.970785
42.91763 1.759042 540.0871 348.2502 1.480636 1.501275 53.29771 65.67495 0.046057 0.004833 0.031573 41.14109 611.194 4179.219 1668.925 26.42124 1066.096 79.17016 260.6617 425 1.202904 1.724 1.653808 1.367617 124.6383 14.00808 0.079622 0.016645 0.175091 12234.19 5379.386 13.88512 12473.19 6102.063 39.98797 1.970785
41.05691 1.729963 783.7449 307.2835 1.351158 1.563333 28.84726 93.53537 0.061681 0.00492 0.031573 39.10711 611.194 4180 1293.428 24.65397 1070.004 77.6781 259.5985 424.9 1.199996 1.724004 1.646993 1.356985 125.8015 13.94996 0.07999 0.01652 0.175091 12234.19 5379.386 13.88512 12179.26 4689.257 39.98797 1.970785
39.72806 1.716966 993.7463 272.0106 1.239749 1.621289 7.80019 117.5549 0.075191 0.004959 0.031573 36.45451 611.194 4180.053 1113.656 23.13236 1071.303 77.00525 259.0786 424.8696 1.198697 1.725 1.64409 1.351786 126.3214 13.93393 0.080159 0.016458 0.175091 12234.19 5379.386 13.88512 11950.27 3647.006 39.98797 1.970785
34.0808 1.70415 1098.596 250.6136 1.171328 1.589568 0 136.455 0.083217 0 0.031573 34.0808 611.194 4180.668 687.1233 22.19366 0 0 0 0 0 0 0 0 0 0 0 0 0.175091 12234.19 5379.386 13.88512 0 0 39.98797 1.970785
26.34689 1.70486 1135.299 238.5203 1.131637 1.527331 0 151.8846 0.087564 0 0.031573 26.34689 611.194 4181.088 540.0839 21.45592 0 0 0 0 0 0 0 0 0 0 0 0 0.175091 12234.19 5379.386 13.88512 0 0 39.98797 1.970785
22.79379 1.698603 1151.025 233.1907 1.112969 1.504785 0 159.2275 0.08951 0 0.031573 22.79379 611.194 4181.358 252.0795 21.1116 0 0 0 0 0 0 0 0 0 0 0 0 0.175091 12234.19 5379.386 13.88512 0 0 39.98797 1.970785
21.70721 1.694041 1156.087 231.5608 1.107536 1.498278 0 161.491 0.090096 0 0.031573 21.70721 611.194 4181.487 124.6043 20.94141 0 0 0 0 0 0 0 0 0 0 0 0 0.175091 12234.19 5379.386 13.88512 0 0 39.98797 1.970785
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-4-24 13:07
98.31018 1.823102 59.30504 485.9473 1.898082 1.093629 0 16.26627 0.019196 0 0.026796 98.31018 518.7179 0 0 33.2236 0 0 0 0 0 0 0 0 0 0 0 0 0.138062 10306.54 4908.681 13.18771 0 0 39.78386 1.609694
45.11362 1.785355 213.7345 402.9461 1.652971 1.415577 86.44076 28.90284 0.02524 0.004744 0.026796 42.97153 518.7179 4179 2224.063 29.36882 1062.929 80.52844 261.7142 425.1 1.206535 1.723 1.660606 1.377142 123.5858 14.05071 0.07929 0.016761 0.138062 10306.54 4908.681 13.18771 10520.23 7708.278 39.78386 1.609694
42.99995 1.75935 524.7434 350.8099 1.488749 1.496922 54.85188 63.95033 0.045077 0.004832 0.026796 40.98012 518.7179 4179 1397.019 26.94749 1066.065 79.18621 260.674 425 1.202935 1.724 1.65387 1.36774 124.626 14.0087 0.079618 0.016647 0.138062 10306.54 4908.681 13.18771 10520.23 5589.953 39.78386 1.609694
41.26874 1.735366 765.696 310.346 1.360713 1.559872 30.5993 91.42901 0.060527 0.004904 0.026796 38.98276 518.7179 4179.996 1084.253 25.06869 1068.927 77.95366 259.8146 424.9537 1.200537 1.724 1.64861 1.35861 125.5854 13.96073 0.07992 0.016541 0.138062 10306.54 4908.681 13.18771 10261.06 4219.287 39.78386 1.609694
39.98976 1.726419 984.4755 273.7676 1.24503 1.621137 8.649978 116.2555 0.074541 0.004931 0.026796 36.20102 518.7179 4180 980.14 23.3703 1070.358 77.49379 259.4568 424.9 1.199642 1.724358 1.646284 1.355568 125.9432 13.94642 0.080037 0.016502 0.138062 10306.54 4908.681 13.18771 10058.6 3268.358 39.78386 1.609694
33.69819 1.714128 1100.509 249.9974 1.168992 1.585719 0 137.2299 0.083447 0 0.026796 33.69819 518.7179 4180.593 642.2936 22.25749 0 0 0 0 0 0 0 0 0 0 0 0 0.138062 10306.54 4908.681 13.18771 0 0 39.78386 1.609694
26.0259 1.714502 1136.878 238.0388 1.129839 1.524891 0 152.5754 0.08775 0 0.026796 26.0259 518.7179 4181.049 410.3937 21.54654 0 0 0 0 0 0 0 0 0 0 0 0 0.138062 10306.54 4908.681 13.18771 0 0 39.78386 1.609694
22.6453 1.71067 1151.911 232.9679 1.112226 1.503658 0 159.5662 0.089602 0 0.026796 22.6453 518.7179 4181.317 207.5303 21.18704 0 0 0 0 0 0 0 0 0 0 0 0 0.138062 10306.54 4908.681 13.18771 0 0 39.78386 1.609694
21.61708 1.707053 1156.532 231.4256 1.107085 1.497561 0 161.7236 0.090157 0 0.026796 21.61708 518.7179 4181.451 103.5788 21.00763 0 0 0 0 0 0 0 0 0 0 0 0 0.138062 10306.54 4908.681 13.18771 0 0 39.78386 1.609694
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-4-24 14:38
103.6358 1.807557 57.34757 491.9238 1.915303 1.088811 0 16.46997 0.019513 0 0.022329 103.6358 432.2623 0 0 35.32595 0 0 0 0 0 0 0 0 0 0 0 0 0.106333 8630.491 4359.502 12.10194 0 0 40.35174 1.536581
45.09495 1.777728 182.9881 407.9913 1.66894 1.404025 89.54814 25.51739 0.023278 0.004767 0.022329 43.29959 432.2623 4179 1874.172 31.10832 1064.227 80.13184 261.4091 425.1 1.205773 1.723 1.658546 1.374318 123.8909 14.03546 0.079387 0.016729 0.106333 8630.491 4359.502 12.10194 8811.982 7414.244 40.35174 1.536581
43.25671 1.759619 473.6522 359.3211 1.515734 1.482196 60.02869 58.2199 0.041817 0.004831 0.022329 41.47315 432.2623 4179 1086.781 28.66262 1066.038 79.20022 260.6848 425 1.202962 1.724 1.653924 1.367848 124.6152 14.00924 0.079615 0.016648 0.106333 8630.491 4359.502 12.10194 8811.982 5213.894 40.35174 1.536581
41.64354 1.73979 709.8952 319.6933 1.390216 1.545011 36.18146 85.0882 0.056959 0.004891 0.022329 39.58346 432.2623 4179.166 884.8681 26.67139 1068.042 78.17931 259.9916 424.9979 1.200979 1.724 1.649937 1.359937 125.4084 13.96958 0.079863 0.016559 0.106333 8630.491 4359.502 12.10194 8598.9 3882.271 40.35174 1.536581
40.49665 1.736173 926.5887 283.5411 1.275723 1.607236 14.35012 109.5397 0.070817 0.004901 0.022329 37.05076 432.2623 4180 807.261 24.85517 1068.765 77.9948 259.8469 424.9617 1.200617 1.724 1.648852 1.358852 125.5531 13.96235 0.07991 0.016545 0.106333 8630.491 4359.502 12.10194 8423.56 2974.279 40.35174 1.536581
35.98559 1.718445 1089.072 253.6392 1.180928 1.607123 0 132.8011 0.08213 0 0.022329 35.98559 432.2623 4180 605.1703 23.49362 0 0 0 0 0 0 0 0 0 0 0 0 0.106333 8630.491 4359.502 12.10194 0 0 40.35174 1.536581
27.94275 1.724784 1128.257 241.0084 1.139685 1.538104 0 148.7136 0.086702 0 0.022329 27.94275 432.2623 4180.484 409.9119 22.57148 0 0 0 0 0 0 0 0 0 0 0 0 0.106333 8630.491 4359.502 12.10194 0 0 40.35174 1.536581
23.85223 1.723 1146.659 234.7783 1.118261 1.510653 0 157.0955 0.088954 0 0.022329 23.85223 432.2623 4180.831 206.996 22.10586 0 0 0 0 0 0 0 0 0 0 0 0 0.106333 8630.491 4359.502 12.10194 0 0 40.35174 1.536581
22.63842 1.715671 1152.008 232.9576 1.112192 1.503517 0 159.5907 0.089611 0 0.022329 22.63842 432.2623 4180.996 86.28803 21.91177 0 0 0 0 0 0 0 0 0 0 0 0 0.106333 8630.491 4359.502 12.10194 0 0 40.35174 1.536581
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-4-24 15:11
104.1516 1.791533 56.63245 492.6515 1.917837 1.086858 0 16.48099 0.019531 0 0.01648 104.1516 319.0185 0 0 36.55832 0 0 0 0 0 0 0 0 0 0 0 0 0.07461 6679.41 3438.341 11.49604 0 0 40.47931 1.192453
45.01419 1.776344 193.1554 406.2858 1.663555 1.406576 88.51012 26.66162 0.023924 0.004771 0.01648 43.28068 319.0185 4179 1423.275 31.99354 1064.366 80.05989 261.3538 425.1 1.205634 1.723 1.658269 1.373903 123.9462 14.03269 0.079404 0.016722 0.07461 6679.41 3438.341 11.49604 6827.118 6341.515 40.47931 1.192453
43.33712 1.76406 478.0239 358.6818 1.513504 1.485058 59.5812 58.64593 0.042086 0.004814 0.01648 41.57926 319.0185 4179 784.4965 29.47747 1065.594 79.42708 260.8624 425.0406 1.203812 1.723594 1.655218 1.369624 124.4376 14.01406 0.079557 0.016666 0.07461 6679.41 3438.341 11.49604 6827.118 4223.568 40.47931 1.192453
41.92799 1.757276 733.4934 316.0126 1.378446 1.556862 33.70959 87.39097 0.058405 0.004838 0.01648 39.71174 319.0185 4179 703.1717 27.22223 1066.272 79.07833 260.591 425 1.202728 1.724 1.653455 1.36691 124.709 14.00455 0.079645 0.016636 0.07461 6679.41 3438.341 11.49604 6659.312 2989.752 40.47931 1.192453
40.76715 1.752546 947.4925 280.2708 1.265236 1.617806 12.0712 111.5108 0.072091 0.004852 0.01648 37.34556 319.0185 4179.861 589.0119 25.33352 1066.745 78.8324 260.4018 425 1.202255 1.724 1.652509 1.365018 124.8982 13.99509 0.079707 0.016613 0.07461 6679.41 3438.341 11.49604 6508.077 2192.074 40.47931 1.192453
34.13023 1.740247 1098.349 250.6253 1.170951 1.588667 0 136.5005 0.083226 0 0.01648 34.13023 319.0185 4180 476.383 23.80601 0 0 0 0 0 0 0 0 0 0 0 0 0.07461 6679.41 3438.341 11.49604 0 0 40.47931 1.192453
27.25659 1.7514 1131.724 239.9106 1.135532 1.532768 0 150.1917 0.08711 0 0.01648 27.25659 319.0185 4180.286 235.5186 23.05088 0 0 0 0 0 0 0 0 0 0 0 0 0.07461 6679.41 3438.341 11.49604 0 0 40.47931 1.192453
23.83249 1.74406 1146.818 234.7487 1.118162 1.510114 0 157.2133 0.088986 0 0.01648 23.83249 319.0185 4180.582 134.5319 22.61957 0 0 0 0 0 0 0 0 0 0 0 0 0.07461 6679.41 3438.341 11.49604 0 0 40.47931 1.192453
23.05668 1.738875 1150.507 233.585 1.114283 1.505563 0 158.7631 0.089408 0 0.01648 23.05668 319.0185 4180.715 30.95584 22.52032 0 0 0 0 0 0 0 0 0 0 0 0 0.07461 6679.41 3438.341 11.49604 0 0 40.47931 1.192453  
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Experimental data for condensing R22 in helical wire-inserted tubes with a pitch of p = 11 mm 
 
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-5-14 0:12
99.17554 1.773914 57.00142 465.7188 1.832008 0.85726 0 16.21659 0.01619 0 0.04212 99.17554 815.3742 0 0 30.65593 0 0 0 0 0 0 0 0 0 0 0 0 0.235075 15066.56 6616.934 14.63584 0 0 39.69072 2.444931
44.38766 1.704307 222.6093 393.7544 1.620055 1.088562 85.65689 30.767 0.022391 0 0.04212 42.25493 815.3742 4179 3031.143 27.57041 1108.569 74.25672 255.5292 416.9 1.184431 1.693 1.370861 1.041292 132.1277 13.79431 0.074873 0.013603 0.235075 15066.56 6616.934 14.63584 15355.81 9617.972 39.69072 2.444931
42.88713 1.644505 539.7343 343.5159 1.463313 1.17471 55.14714 67.93544 0.041275 0 0.04212 40.54312 815.3742 4179.753 2116.046 25.41679 1115.55 71.40624 253.5351 416.7 1.17845 1.695 1.358901 1.024901 134.6198 13.69901 0.075556 0.013394 0.235075 15066.56 6616.934 14.63584 15355.81 7200.889 39.69072 2.444931
41.4895 1.589981 793.5484 303.027 1.336419 1.243271 31.18705 98.45 0.056555 0 0.04212 38.84743 815.3742 4180 1705.394 23.68122 1122.002 68.82909 251.5994 416.4998 1.172998 1.697 1.348996 1.009994 136.9008 13.60996 0.0762 0.01321 0.235075 15066.56 6616.934 14.63584 15007.06 5505.779 39.69072 2.444931
40.93791 1.568812 1009.818 268.777 1.226934 1.30885 10.82104 124.4002 0.069603 0 0.04212 37.11738 815.3742 4180.526 1442.61 22.21327 1124.119 67.83533 250.8643 416.4 1.169881 1.697119 1.345762 1.004643 137.8475 13.57762 0.076454 0.013136 0.235075 15066.56 6616.934 14.63584 14724.29 4088.79 39.69072 2.444931
32.68575 1.553477 1161.619 240.0207 1.135429 1.290045 0 152.8088 0.080444 0 0.04212 32.68575 815.3742 4181.115 872.2487 21.32582 0 0 0 0 0 0 0 0 0 0 0 0 0.235075 15066.56 6616.934 14.63584 0 0 39.69072 2.444931
25.48729 1.549991 1192.051 230.8847 1.104949 1.252437 0 166.4254 0.083841 0 0.04212 25.48729 815.3742 4181.419 321.5263 20.99871 0 0 0 0 0 0 0 0 0 0 0 0 0.235075 15066.56 6616.934 14.63584 0 0 39.69072 2.444931
22.05275 1.546088 1205.711 226.6633 1.090338 1.237215 0 173.0915 0.085432 0 0.04212 22.05275 815.3742 4181.7 782.3871 20.2028 0 0 0 0 0 0 0 0 0 0 0 0 0.235075 15066.56 6616.934 14.63584 0 0 39.69072 2.444931
20.61046 1.540663 1211.055 224.8326 1.084442 1.231125 0 175.9604 0.086092 0 0.04212 20.61046 815.3742 4181.988 349.8694 19.84691 0 0 0 0 0 0 0 0 0 0 0 0 0.235075 15066.56 6616.934 14.63584 0 0 39.69072 2.444931
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-5-14 0:36
100.2809 1.775607 56.79517 466.6824 1.834513 0.856598 0 16.26429 0.016259 0 0.037657 100.2809 728.9724 0 0 31.48595 0 0 0 0 0 0 0 0 0 0 0 0 0.192785 13058.54 6066.958 14.6695 0 0 40.09654 1.510077
44.78694 1.720678 208.1493 396.1664 1.626738 1.088504 87.10068 28.99702 0.021534 0 0.037657 42.44817 728.9724 4179 2655.401 28.18997 1106.932 75.04253 256.1203 416.9068 1.186068 1.692 1.374135 1.046203 131.4729 13.82068 0.074692 0.013662 0.192785 13058.54 6066.958 14.6695 13331.78 9271.306 40.09654 1.510077
43.54021 1.670408 524.9223 346.2013 1.470989 1.176443 56.52464 65.79922 0.040338 0 0.037657 40.94542 728.9724 4179.489 1881.522 25.85483 1112.959 72.6396 254.4122 416.8 1.181041 1.694 1.364082 1.032122 133.4837 13.74041 0.075256 0.013482 0.192785 13058.54 6066.958 14.6695 13331.78 6592.746 40.09654 1.510077
42.46285 1.627802 780.6764 305.5621 1.343489 1.248446 32.15578 96.18003 0.055685 0 0.037657 39.36433 728.9724 4180 1530.34 23.95577 1117.22 70.61669 252.9341 416.6 1.17678 1.69522 1.35656 1.020341 135.2879 13.6678 0.075754 0.013341 0.192785 13058.54 6066.958 14.6695 13008.21 4885.985 40.09654 1.510077
42.03768 1.611107 1010.691 269.41 1.22923 1.318116 10.38973 123.2477 0.069436 0 0.037657 37.62826 728.9724 4180.444 1361.37 22.26657 1119.779 69.82314 252.3443 416.6 1.175111 1.696 1.353221 1.015332 135.9557 13.64222 0.075947 0.013283 0.192785 13058.54 6066.958 14.6695 12743.99 3538.034 40.09654 1.510077
32.66237 1.59734 1162.315 239.9629 1.135312 1.289027 0 152.9989 0.080496 0 0.037657 32.66237 728.9724 4181.118 809.1649 21.26271 0 0 0 0 0 0 0 0 0 0 0 0 0.192785 13058.54 6066.958 14.6695 0 0 40.09654 1.510077
25.0952 1.59622 1193.619 230.4142 1.103381 1.249552 0 167.3108 0.084062 0 0.037657 25.0952 728.9724 4181.454 276.2959 20.91997 0 0 0 0 0 0 0 0 0 0 0 0 0.192785 13058.54 6066.958 14.6695 0 0 40.09654 1.510077
21.83944 1.592178 1206.642 226.3913 1.089358 1.235514 0 173.6898 0.085568 0 0.037657 21.83944 728.9724 4181.73 613.1842 20.15936 0 0 0 0 0 0 0 0 0 0 0 0 0.192785 13058.54 6066.958 14.6695 0 0 40.09654 1.510077
20.50787 1.586502 1211.836 224.7094 1.084031 1.230169 0 176.3303 0.086176 0 0.037657 20.50787 728.9724 4182.005 273.0912 19.82063 0 0 0 0 0 0 0 0 0 0 0 0 0.192785 13058.54 6066.958 14.6695 0 0 40.09654 1.510077
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-5-14 0:51
102.2602 1.743247 55.13469 468.7017 1.841061 0.852223 0 16.33771 0.016363 0 0.031961 102.2602 618.7198 0 0 32.07655 0 0 0 0 0 0 0 0 0 0 0 0 0.160574 11441.88 5419.123 14.28704 0 0 40.07735 1.791694
44.34641 1.702656 202.8871 396.8176 1.629708 1.081819 87.55896 28.52298 0.021223 0 0.031961 42.16853 618.7198 4179 2297.513 28.65273 1108.734 74.17751 255.4797 416.9 1.184266 1.693 1.370531 1.040797 132.1937 13.79266 0.074891 0.013598 0.160574 11441.88 5419.123 14.28704 11688.56 8724.054 40.07735 1.791694
43.37862 1.663945 518.4065 347.0903 1.473974 1.17267 57.16053 65.16732 0.039967 0 0.031961 40.90775 618.7198 4179.266 1589.353 26.28438 1113.606 72.32936 254.1578 416.7395 1.180394 1.694 1.362789 1.030183 133.8028 13.72789 0.075333 0.013462 0.160574 11441.88 5419.123 14.28704 11688.56 5947.234 40.07735 1.791694
42.5282 1.630328 782.1449 305.3664 1.342796 1.249525 32.00269 96.29843 0.055764 0 0.031961 39.4977 618.7198 4180 1333.556 24.29755 1116.967 70.73541 253.0131 416.6033 1.177033 1.695 1.357033 1.021098 135.1869 13.67066 0.075726 0.013351 0.160574 11441.88 5419.123 14.28704 11404.03 4281.627 40.07735 1.791694
42.24264 1.619306 1024.554 267.3118 1.222375 1.324759 8.930484 124.7353 0.070263 0 0.031961 37.73542 618.7198 4180.304 1216.277 22.48558 1118.139 70.21668 252.6722 416.6 1.175931 1.696 1.354861 1.017792 135.6278 13.65861 0.075848 0.013308 0.160574 11441.88 5419.123 14.28704 11164 3061.254 40.07735 1.791694
32.99435 1.610045 1161.023 240.3926 1.136772 1.290765 0 152.4304 0.080351 0 0.031961 32.99435 618.7198 4181.021 709.4794 21.42881 0 0 0 0 0 0 0 0 0 0 0 0 0.160574 11441.88 5419.123 14.28704 0 0 40.07735 1.791694
24.88417 1.609555 1194.463 230.1494 1.102537 1.248514 0 167.7677 0.084171 0 0.031961 24.88417 618.7198 4181.368 221.6828 21.09863 0 0 0 0 0 0 0 0 0 0 0 0 0.160574 11441.88 5419.123 14.28704 0 0 40.07735 1.791694
21.81287 1.605997 1206.749 226.3567 1.089252 1.235229 0 173.7862 0.085591 0 0.031961 21.81287 618.7198 4181.635 496.1116 20.35978 0 0 0 0 0 0 0 0 0 0 0 0 0.160574 11441.88 5419.123 14.28704 0 0 40.07735 1.791694
20.6206 1.603033 1211.518 224.8447 1.084482 1.230422 0 176.1649 0.086137 0 0.031961 20.6206 618.7198 4181.895 201.4083 20.05984 0 0 0 0 0 0 0 0 0 0 0 0 0.160574 11441.88 5419.123 14.28704 0 0 40.07735 1.791694
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-5-14 1:01
103.7015 1.722935 54.07272 470.1318 1.84589 0.849565 0 16.38723 0.01644 0 0.027341 103.7015 529.2842 0 0 32.44478 0 0 0 0 0 0 0 0 0 0 0 0 0.131976 9891.642 4756.55 14.234 0 0 40.0371 1.803657
44.08768 1.692307 199.7303 397.1564 1.630982 1.078609 87.83409 28.23174 0.021036 0 0.027341 41.9826 529.2842 4179 1995.249 28.82709 1109.769 73.68075 255.1692 416.8231 1.183231 1.693 1.368461 1.038461 132.6077 13.77462 0.075012 0.013559 0.131976 9891.642 4756.55 14.234 10117.07 8003.754 40.0371 1.803657
43.37692 1.663877 517.3483 347.2542 1.474494 1.172314 57.26226 65.04655 0.039904 0 0.027341 40.94234 529.2842 4179.205 1364.396 26.35336 1113.612 72.32608 254.1551 416.7388 1.180388 1.694 1.362775 1.030163 133.8062 13.72775 0.075333 0.013462 0.131976 9891.642 4756.55 14.234 10117.07 5210.027 40.0371 1.803657
42.7059 1.637436 792.3722 303.9249 1.338032 1.254084 30.98816 97.33943 0.056345 0 0.027341 39.567 529.2842 4180 1184.681 24.20586 1116.256 71.0695 253.2974 416.6744 1.177744 1.695 1.357744 1.023231 134.9026 13.68487 0.075641 0.013372 0.131976 9891.642 4756.55 14.234 9861.441 3670.384 40.0371 1.803657
42.48547 1.628672 1039.885 265.0396 1.215124 1.331922 7.381734 126.2781 0.071138 0 0.027341 37.65646 529.2842 4180.379 1063.179 22.2788 1117.133 70.65759 252.9602 416.6 1.176867 1.695133 1.356734 1.020602 135.2531 13.66867 0.075745 0.013345 0.131976 9891.642 4756.55 14.234 9637.605 2617.124 40.0371 1.803657
31.26184 1.622212 1168.281 238.2142 1.129047 1.280455 0 155.6914 0.081183 0 0.027341 31.26184 529.2842 4181.149 637.1314 21.12418 0 0 0 0 0 0 0 0 0 0 0 0 0.131976 9891.642 4756.55 14.234 0 0 40.0371 1.803657
23.91682 1.623366 1198.333 228.9002 1.098628 1.244156 0 169.7087 0.084627 0 0.027341 23.91682 529.2842 4181.493 122.6627 20.9019 0 0 0 0 0 0 0 0 0 0 0 0 0.131976 9891.642 4756.55 14.234 0 0 40.0371 1.803657
21.25195 1.620777 1208.992 225.6275 1.087008 1.232697 0 174.9377 0.085861 0 0.027341 21.25195 529.2842 4181.745 431.4798 20.12008 0 0 0 0 0 0 0 0 0 0 0 0 0.131976 9891.642 4756.55 14.234 0 0 40.0371 1.803657
20.32889 1.61713 1212.684 224.4947 1.083316 1.228973 0 176.7765 0.086282 0 0.027341 20.32889 529.2842 4182.017 170.6703 19.81085 0 0 0 0 0 0 0 0 0 0 0 0 0.131976 9891.642 4756.55 14.234 0 0 40.0371 1.803657
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-5-13 22:46
109.1554 1.66731 50.96786 475.2668 1.862374 0.842748 0 16.5947 0.016761 0 0.020877 109.1554 404.1408 0 0 34.12139 0 0 0 0 0 0 0 0 0 0 0 0 0.095926 7913.179 4048.198 12.36553 0 0 39.60275 1.764133
43.00771 1.649143 175.3055 400.502 1.643722 1.059014 90.06412 25.70348 0.019577 0 0.020877 41.21223 404.1408 4179 1560.851 30.22776 1115.086 71.62886 253.6743 416.7 1.178914 1.695 1.359829 1.025829 134.4343 13.70829 0.0755 0.013407 0.095926 7913.179 4048.198 12.36553 8090.229 7782.549 39.60275 1.764133
42.529 1.63036 464.7643 354.9931 1.499926 1.147624 62.33826 59.43535 0.036842 0 0.020877 40.3034 404.1408 4179 950.0813 27.85774 1116.964 70.73691 253.0144 416.6036 1.177036 1.695 1.357036 1.021108 135.1856 13.67072 0.075726 0.013351 0.095926 7913.179 4048.198 12.36553 8090.229 4824.415 39.60275 1.764133
42.03706 1.611082 728.6198 313.5372 1.369167 1.227335 37.25505 90.38836 0.052602 0 0.020877 39.09975 404.1408 4179.611 865.4658 25.69911 1119.784 69.82195 252.3433 416.6 1.175108 1.696 1.353216 1.015325 135.9567 13.64217 0.075947 0.013283 0.095926 7913.179 4048.198 12.36553 7898.24 3310.961 39.60275 1.764133
41.90329 1.605896 977.3278 274.5593 1.245585 1.306157 13.61611 119.516 0.067466 0 0.020877 37.79561 404.1408 4180 813.7346 23.66969 1120.41 69.57709 252.1769 416.559 1.17459 1.696 1.352179 1.014179 136.2052 13.6359 0.076009 0.013264 0.095926 7913.179 4048.198 12.36553 7721.925 2250.937 39.60275 1.764133
34.0874 1.598377 1155.65 241.8136 1.14135 1.297557 0 150.3392 0.079816 0 0.020877 34.0874 404.1408 4180.542 605.222 22.16049 0 0 0 0 0 0 0 0 0 0 0 0 0.095926 7913.179 4048.198 12.36553 0 0 39.60275 1.764133
25.39395 1.600739 1192.424 230.7727 1.104576 1.250964 0 166.7539 0.083925 0 0.020877 25.39395 404.1408 4180.994 119.5642 21.86238 0 0 0 0 0 0 0 0 0 0 0 0 0.095926 7913.179 4048.198 12.36553 0 0 39.60275 1.764133
22.15935 1.597415 1205.363 226.7912 1.090797 1.236689 0 173.0718 0.085423 0 0.020877 22.15935 404.1408 4181.302 374.7768 20.92799 0 0 0 0 0 0 0 0 0 0 0 0 0.095926 7913.179 4048.198 12.36553 0 0 39.60275 1.764133
21.15415 1.597234 1209.383 225.5004 1.086617 1.232672 0 175.0806 0.085887 0 0.020877 21.15415 404.1408 4181.603 107.1321 20.66091 0 0 0 0 0 0 0 0 0 0 0 0 0.095926 7913.179 4048.198 12.36553 0 0 39.60275 1.764133
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-5-14 1:37
106.8961 1.670352 51.52759 473.3133 1.857164 0.843704 0 16.50398 0.016615 0 0.016414 106.8961 317.7435 0 0 35.71242 0 0 0 0 0 0 0 0 0 0 0 0 0.070696 6384.258 3424.608 11.57397 0 0 40.03927 1.724058
43.25989 1.659195 183.7202 399.2688 1.639003 1.064439 89.28788 26.60727 0.020082 0 0.016414 41.57673 317.7435 4179 1215.35 31.59872 1114.08 72.10219 253.9759 416.7 1.17992 1.69408 1.361839 1.028759 134.0322 13.7192 0.075389 0.013447 0.070696 6384.258 3424.608 11.57397 6533.562 7103.498 40.03927 1.724058
42.97551 1.647904 464.1402 355.363 1.500825 1.151217 62.38447 59.1371 0.036767 0 0.016414 40.75337 317.7435 4179 720.6588 29.15945 1115.21 71.56941 253.6371 416.7 1.17879 1.695 1.359581 1.025581 134.4838 13.70581 0.075515 0.013404 0.070696 6384.258 3424.608 11.57397 6533.562 4135.917 40.03927 1.724058
42.61428 1.633771 726.2927 314.1744 1.370586 1.232242 37.32625 89.74569 0.052422 0 0.016414 39.51719 317.7435 4179 676.0615 26.87113 1116.623 70.89724 253.1508 416.6377 1.177377 1.695 1.357377 1.022131 135.0492 13.67754 0.075685 0.013361 0.070696 6384.258 3424.608 11.57397 6376.671 2765.822 40.03927 1.724058
42.55606 1.631442 983.0632 273.9767 1.243378 1.314207 12.79004 119.6063 0.067737 0 0.016414 38.30976 317.7435 4180 659.7954 24.6384 1116.856 70.7878 253.0577 416.6144 1.177144 1.695 1.357144 1.021433 135.1423 13.67289 0.075713 0.013354 0.070696 6384.258 3424.608 11.57397 6228.135 1811.486 40.03927 1.724058
33.36812 1.628278 1159.368 240.8786 1.138115 1.292643 0 151.7779 0.080188 0 0.016414 33.36812 317.7435 4180.097 491.6414 22.97474 0 0 0 0 0 0 0 0 0 0 0 0 0.070696 6384.258 3424.608 11.57397 0 0 40.03927 1.724058
25.50267 1.626893 1191.989 230.9032 1.105011 1.251243 0 166.6255 0.083895 0 0.016414 25.50267 317.7435 4180.585 85.91894 22.68403 0 0 0 0 0 0 0 0 0 0 0 0 0.070696 6384.258 3424.608 11.57397 0 0 40.03927 1.724058
22.70663 1.629251 1203.173 227.448 1.09312 1.238827 0 172.0866 0.085191 0 0.016414 22.70663 317.7435 4180.876 257.5537 21.81266 0 0 0 0 0 0 0 0 0 0 0 0 0.070696 6384.258 3424.608 11.57397 0 0 40.03927 1.724058
21.90788 1.626853 1206.368 226.4802 1.089632 1.235582 0 173.6379 0.085564 0 0.016414 21.90788 317.7435 4181.164 82.93115 21.5321 0 0 0 0 0 0 0 0 0 0 0 0 0.070696 6384.258 3424.608 11.57397 0 0 40.03927 1.724058  
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Experimental data for condensing R134a in helical wire-inserted tubes with a pitch of p = 11 mm 
 
 
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-5-20 11:12
78.135997 1.300609 54.183281 455.941063 1.804494 1.092996 0 14.295683 0.01837 0 0.041432 78.135997 802.046277 0 0 32.413922 0 0 0 0 0 0 0 0 0 0 0 0 0.186733 12865.43025 6737.98812 14.476862 0 0 40.69181 1.358467
47.103057 1.224471 243.44317 395.507838 1.624301 1.270569 82.710569 36.434038 0.025896 0.005242 0.041432 44.242337 802.046277 4179 2503.841238 29.205337 1115.552943 61.141411 267.123523 422.344696 1.223894 1.708 1.544341 1.213341 148.831769 12.938941 0.071667 0.016328 0.186733 12865.43025 6737.98812 14.476862 13154.5662 8819.810423 40.69181 1.358467
44.833393 1.154951 553.31414 348.217107 1.478813 1.347307 53.592206 78.033042 0.042302 0.00552 0.041432 41.775054 802.046277 4179.02503 1959.327552 26.694543 1126.009735 57.392421 263.64756 421.44951 1.21299 1.709 1.52899 1.189981 153.353406 12.809903 0.072641 0.01603 0.186733 12865.43025 6737.98812 14.476862 13154.5662 6858.779347 40.69181 1.358467
42.755073 1.093859 796.247543 310.652251 1.36204 1.406924 31.316508 112.242167 0.055445 0.005781 0.041432 39.317288 802.046277 4180 1556.369623 24.700587 1134.614077 54.140679 260.531544 420.577189 1.203386 1.71 1.515158 1.169544 157.629849 12.697718 0.073532 0.015775 0.186733 12865.43025 6737.98812 14.476862 12816.18183 5500.112718 40.69181 1.358467
41.652355 1.062353 1039.243764 273.823548 1.245549 1.476227 9.245155 146.317125 0.068609 0.005918 0.041432 37.432562 802.046277 4180.138411 1525.869645 22.745771 1139.764698 52.482358 258.917639 420.147062 1.198235 1.71 1.508471 1.159706 159.935292 12.634706 0.074005 0.015639 0.186733 12865.43025 6737.98812 14.476862 12548.32256 3970.609152 40.69181 1.358467
33.287114 1.048156 1175.851544 246.501964 1.158436 1.45876 0 179.003551 0.077762 0 0.041432 33.287114 802.046277 4180.873855 770.528452 21.758808 0 0 0 0 0 0 0 0 0 0 0 0 0.186733 12865.43025 6737.98812 14.476862 0 0 40.69181 1.358467
26.538846 1.040134 1202.844616 236.754381 1.126262 1.426785 0 195.459536 0.080754 0 0.041432 26.538846 802.046277 4181.292123 535.703855 21.072699 0 0 0 0 0 0 0 0 0 0 0 0 0.186733 12865.43025 6737.98812 14.476862 0 0 40.69181 1.358467
23.093339 1.037338 1216.397046 231.830672 1.109467 1.412397 0 204.306674 0.082269 0 0.041432 23.093339 802.046277 4181.623564 499.472419 20.433044 0 0 0 0 0 0 0 0 0 0 0 0 0.186733 12865.43025 6737.98812 14.476862 0 0 40.69181 1.358467
21.235389 1.030047 1223.058445 229.22954 1.101177 1.404942 0 209.184635 0.08308 0 0.041432 21.235389 802.046277 4181.876012 289.038672 20.062906 0 0 0 0 0 0 0 0 0 0 0 0 0.186733 12865.43025 6737.98812 14.476862 0 0 40.69181 1.358467
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-5-20 12:04
79.76211 1.263552 51.885334 458.32148 1.813202 1.083742 0 14.338616 0.018447 0 0.036813 79.76211 712.636488 0 0 32.661257 0 0 0 0 0 0 0 0 0 0 0 0 0.167513 11902.49992 6212.540735 13.941316 0 0 40.47436 1.334361
46.338515 1.200864 222.207161 398.091664 1.634064 1.25652 84.670346 33.969733 0.024773 0.005337 0.036813 43.613622 712.636488 4179 2217.232214 29.493953 1118.913595 59.857524 265.943196 422.017282 1.220173 1.709 1.539173 1.205346 150.339511 12.900864 0.071989 0.016224 0.167513 11902.49992 6212.540735 13.941316 12166.49913 8490.973949 40.47436 1.334361
44.358456 1.140837 532.648918 350.888775 1.487756 1.336327 55.565937 75.682417 0.041241 0.005577 0.036813 41.4301 712.636488 4179 1737.673673 27.011695 1127.916311 56.635192 262.941838 421.216748 1.211084 1.709 1.525251 1.185251 154.341412 12.781674 0.072838 0.015973 0.167513 11902.49992 6212.540735 13.941316 12166.49913 6425.847777 40.47436 1.334361
42.634692 1.09042 780.250172 312.88618 1.36939 1.400607 32.813053 110.232695 0.054611 0.005798 0.036813 39.302511 712.636488 4179.993644 1398.9845 25.013728 1134.958021 53.961828 260.325176 420.508396 1.203042 1.71 1.514126 1.168168 157.870609 12.690839 0.073584 0.015762 0.167513 11902.49992 6212.540735 13.941316 11859.0812 5011.30537 40.47436 1.334361
41.729346 1.064553 1024.055227 276.151429 1.252807 1.471877 10.625117 144.147276 0.067775 0.005907 0.036813 37.551205 712.636488 4180 1352.311519 23.08242 1139.544724 52.596744 259.027626 420.191053 1.198455 1.71 1.508911 1.160366 159.781307 12.639105 0.073972 0.015648 0.167513 11902.49992 6212.540735 13.941316 11611.39906 3604.024978 40.47436 1.334361
33.430116 1.050843 1175.279534 246.702167 1.159151 1.459573 0 178.671093 0.077702 0 0.036813 33.430116 712.636488 4180.729674 758.82871 21.998886 0 0 0 0 0 0 0 0 0 0 0 0 0.167513 11902.49992 6212.540735 13.941316 0 0 40.47436 1.334361
26.620324 1.044281 1202.518704 236.86845 1.126552 1.427145 0 195.26428 0.080722 0 0.036813 26.620324 712.636488 4181.157274 439.058641 21.372016 0 0 0 0 0 0 0 0 0 0 0 0 0.167513 11902.49992 6212.540735 13.941316 0 0 40.47436 1.334361
23.187114 1.039847 1216.086481 231.961959 1.109936 1.412786 0 204.072895 0.08223 0 0.036813 23.187114 712.636488 4181.479375 463.37144 20.710485 0 0 0 0 0 0 0 0 0 0 0 0 0.167513 11902.49992 6212.540735 13.941316 0 0 40.47436 1.334361
21.407812 1.038023 1222.368751 229.470935 1.102039 1.405631 0 208.750995 0.083011 0 0.036813 21.407812 712.636488 4181.743103 275.562668 20.317104 0 0 0 0 0 0 0 0 0 0 0 0 0.167513 11902.49992 6212.540735 13.941316 0 0 40.47436 1.334361
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-5-20 13:33
81.628372 1.228875 49.715775 460.850669 1.822575 1.075569 0 14.396685 0.018543 0 0.031947 81.628372 618.43277 0 0 33.206875 0 0 0 0 0 0 0 0 0 0 0 0 0.144418 10714.55582 5655.891459 13.25 0 0 40.316199 1.255933
45.575567 1.177441 201.85299 400.648144 1.64272 1.242508 86.535405 31.57393 0.023695 0.00543 0.031947 43.028828 618.43277 4179 1923.263495 30.020139 1122.511719 58.601837 264.87207 421.774408 1.216744 1.709 1.533488 1.197232 151.879098 12.854883 0.072316 0.01613 0.144418 10714.55582 5655.891459 13.25 10950.50648 8160.8561 40.316199 1.255933
43.987568 1.129634 507.373511 354.338692 1.499257 1.325314 57.938563 72.640594 0.039936 0.005631 0.031947 41.186345 618.43277 4179 1479.42763 27.568813 1129.07313 56.040622 262.381711 421.096349 1.208963 1.71 1.522927 1.181854 155.125601 12.759269 0.073005 0.015928 0.144418 10714.55582 5655.891459 13.25 10950.50648 5945.467406 40.316199 1.255933
42.538978 1.087685 756.383411 316.361283 1.380385 1.392195 35.046557 107.112522 0.053341 0.005809 0.031947 39.317799 618.43277 4179.718077 1213.247543 25.558878 1135.462981 53.817309 260.184243 420.47685 1.202537 1.71 1.513537 1.167306 158.06204 12.68537 0.073625 0.015748 0.144418 10714.55582 5655.891459 13.25 10679.98255 4535.58207 40.316199 1.255933
41.793238 1.066378 1003.566805 279.251784 1.26254 1.465743 12.496462 141.282375 0.06666 0.005898 0.031947 37.731823 618.43277 4180 1185.520783 23.595009 1139.362172 52.691671 259.118902 420.22756 1.198638 1.71 1.509276 1.160913 159.653519 12.642756 0.073944 0.015656 0.144418 10714.55582 5655.891459 13.25 10457.25708 3229.743415 40.316199 1.255933
33.946254 1.055748 1173.214982 247.424757 1.161731 1.462569 0 177.451985 0.077478 0 0.031947 33.946254 618.43277 4180.493974 703.905485 22.429095 0 0 0 0 0 0 0 0 0 0 0 0 0.144418 10714.55582 5655.891459 13.25 0 0 40.316199 1.255933
27.0068 1.05087 1200.990195 237.409515 1.128034 1.42901 0 194.286481 0.080558 0 0.031947 27.0068 618.43277 4180.939416 371.854061 21.81324 0 0 0 0 0 0 0 0 0 0 0 0 0.144418 10714.55582 5655.891459 13.25 0 0 40.316199 1.255933
23.471051 1.048996 1215.10518 232.359472 1.111355 1.413894 0 203.371257 0.082112 0 0.031947 23.471051 618.43277 4181.278593 447.364435 21.072387 0 0 0 0 0 0 0 0 0 0 0 0 0.144418 10714.55582 5655.891459 13.25 0 0 40.316199 1.255933
21.711845 1.045823 1221.152621 229.896583 1.103559 1.406847 0 207.961306 0.082883 0 0.031947 21.711845 618.43277 4181.560447 233.442416 20.685823 0 0 0 0 0 0 0 0 0 0 0 0 0.144418 10714.55582 5655.891459 13.25 0 0 40.316199 1.255933
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-5-20 14:02
83.103257 1.202483 48.105864 462.778831 1.829111 1.069442 0 14.445123 0.018629 0 0.027483 83.103257 532.022005 0 0 33.330216 0 0 0 0 0 0 0 0 0 0 0 0 0.126151 9690.214574 5067.03903 13.132722 0 0 40.213776 1.082161
45.133446 1.164044 199.824471 400.630861 1.643239 1.238136 86.693184 31.44822 0.02358 0.005484 0.027483 42.606502 532.022005 4179 1708.001036 30.090366 1124.595621 57.878365 264.142624 421.580881 1.214809 1.709 1.530809 1.193213 152.75737 12.828087 0.072509 0.01607 0.126151 9690.214574 5067.03903 13.132722 9907.717625 7733.450371 40.213776 1.082161
43.87217 1.12624 515.460187 353.07828 1.495423 1.326758 57.20242 73.786411 0.040366 0.005645 0.027483 41.08179 532.022005 4179 1306.878705 27.611392 1129.751944 55.860735 262.212008 421.062407 1.208624 1.71 1.522248 1.180496 155.363185 12.752481 0.073053 0.015911 0.126151 9690.214574 5067.03903 13.132722 9907.717625 5326.993127 40.213776 1.082161
42.771401 1.094326 778.144101 313.352221 1.370548 1.401296 32.989865 109.79536 0.054474 0.005778 0.027483 39.440045 532.022005 4179.711958 1091.783839 25.540777 1134.567426 54.164937 260.559535 420.58652 1.203433 1.71 1.515298 1.16973 157.597194 12.698651 0.073525 0.015777 0.126151 9690.214574 5067.03903 13.132722 9661.016304 3900.603614 40.213776 1.082161
42.293713 1.080678 1036.417737 274.721025 1.248314 1.47997 9.271279 145.027525 0.068351 0.005837 0.027483 37.726767 532.022005 4180 1061.693946 23.527367 1136.8645 53.445907 259.833863 420.406769 1.201135 1.71 1.512135 1.165203 158.55258 12.671355 0.07373 0.015713 0.126151 9690.214574 5067.03903 13.132722 9453.509269 2755.968621 40.213776 1.082161
33.640373 1.073229 1174.438509 246.996524 1.160202 1.460545 0 178.256019 0.077628 0 0.027483 33.640373 532.022005 4180.528532 616.432434 22.358504 0 0 0 0 0 0 0 0 0 0 0 0 0.126151 9690.214574 5067.03903 13.132722 0 0 40.213776 1.082161
25.964933 1.067449 1205.140269 235.950906 1.123825 1.42386 0 197.057463 0.081029 0 0.027483 25.964933 532.022005 4180.933904 238.727053 21.90588 0 0 0 0 0 0 0 0 0 0 0 0 0.126151 9690.214574 5067.03903 13.132722 0 0 40.213776 1.082161
23.018675 1.065816 1216.925302 231.726141 1.109093 1.411758 0 204.614715 0.082324 0 0.027483 23.018675 532.022005 4181.213222 350.579334 21.24123 0 0 0 0 0 0 0 0 0 0 0 0 0.126151 9690.214574 5067.03903 13.132722 0 0 40.213776 1.082161
21.640423 1.066588 1221.650773 229.796592 1.10299 1.40623 0 208.237206 0.082931 0 0.027483 21.640423 532.022005 4181.470375 191.987022 20.877272 0 0 0 0 0 0 0 0 0 0 0 0 0.126151 9690.214574 5067.03903 13.132722 0 0 40.213776 1.082161
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-5-20 16:14
86.539307 1.173816 46.032515 466.859824 1.842236 1.063554 0 14.571099 0.018854 0 0.021169 86.539307 409.790144 0 0 34.968922 0 0 0 0 0 0 0 0 0 0 0 0 0.090342 7651.828904 4243.352751 12.154225 0 0 40.452755 0.998532
44.675292 1.15016 172.803347 404.320087 1.65527 1.22482 89.188478 28.032506 0.02214 0.005539 0.021169 42.420226 409.790144 4179 1323.881606 31.462328 1126.967914 57.138504 263.408015 421.401598 1.212032 1.709 1.528032 1.188064 153.688767 12.800321 0.072708 0.016011 0.090342 7651.828904 4243.352751 12.154225 7831.598355 7349.05735 40.452755 0.998532
43.849381 1.12557 475.534857 358.971418 1.514052 1.313826 60.923101 68.497838 0.038242 0.005648 0.021169 41.239293 409.790144 4179 959.969966 28.919635 1129.885992 55.825212 262.178496 421.055704 1.208557 1.71 1.522114 1.180228 155.410102 12.75114 0.073062 0.015908 0.090342 7651.828904 4243.352751 12.154225 7831.598355 4656.350925 40.452755 0.998532
43.115684 1.104285 738.854583 319.47519 1.38954 1.39188 36.56046 104.186645 0.052332 0.005733 0.021169 39.856788 409.790144 4179.093807 836.081699 26.705138 1133.143043 54.687094 261.114233 420.74285 1.204857 1.71 1.517857 1.173285 156.900063 12.718569 0.073376 0.015817 0.090342 7651.828904 4243.352751 12.154225 7635.769116 3260.167524 40.452755 0.998532
42.86261 1.096932 1007.066275 279.557134 1.263344 1.475397 11.781463 140.365714 0.066688 0.005765 0.021169 38.294712 409.790144 4180 845.011235 24.467474 1134.30683 54.300447 260.715894 420.638643 1.203693 1.71 1.51608 1.170773 157.414777 12.703863 0.073486 0.015788 0.090342 7651.828904 4243.352751 12.154225 7463.074149 2244.267002 40.452755 0.998532
34.208221 1.089762 1172.167116 247.812331 1.162875 1.463246 0 176.98014 0.077388 0 0.021169 34.208221 409.790144 4180.136666 559.5206 22.985863 0 0 0 0 0 0 0 0 0 0 0 0 0.090342 7651.828904 4243.352751 12.154225 0 0 40.452755 0.998532
26.368967 1.087534 1203.801113 236.516551 1.125476 1.425568 0 196.090827 0.080868 0 0.021169 26.368967 409.790144 4180.638575 198.674236 22.459836 0 0 0 0 0 0 0 0 0 0 0 0 0.090342 7651.828904 4243.352751 12.154225 0 0 40.452755 0.998532
23.381003 1.084273 1215.475988 232.233405 1.110905 1.412839 0 203.746487 0.08218 0 0.021169 23.381003 409.790144 4180.954504 278.637373 21.722148 0 0 0 0 0 0 0 0 0 0 0 0 0.090342 7651.828904 4243.352751 12.154225 0 0 40.452755 0.998532
22.068229 1.08685 1220.482036 230.395523 1.104586 1.407536 0 207.170003 0.082759 0 0.021169 22.068229 409.790144 4181.223128 127.226835 21.385339 0 0 0 0 0 0 0 0 0 0 0 0 0.090342 7651.828904 4243.352751 12.154225 0 0 40.452755 0.998532
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-5-20 16:39
87.991122 1.152788 44.778358 468.75119 1.848695 1.06039 0 14.62076 0.018942 0 0.016245 87.991122 314.483242 0 0 36.69212 0 0 0 0 0 0 0 0 0 0 0 0 0.061511 5812.058587 3520.697776 11.044373 0 0 40.471948 0.851572
44.298176 1.139036 154.326433 406.740801 1.663624 1.215747 90.874261 25.708279 0.021159 0.005585 0.016245 42.198046 314.483242 4179 1007.380546 32.773169 1128.096441 56.538887 262.851773 421.190368 1.210807 1.709096 1.524807 1.184711 154.467504 12.778071 0.072864 0.015966 0.061511 5812.058587 3520.697776 11.044373 5957.709653 7113.059017 40.471948 0.851572
43.725179 1.121917 429.500645 365.712447 1.535476 1.297925 65.220999 62.45067 0.035791 0.005662 0.016245 41.18334 314.483242 4179 666.519999 30.180247 1130.61659 55.631603 261.995846 421.019172 1.208192 1.71 1.521383 1.178767 155.66581 12.743834 0.073113 0.01589 0.061511 5812.058587 3520.697776 11.044373 5957.709653 4122.470459 40.471948 0.851572
43.325809 1.110452 684.974827 327.57531 1.415236 1.376333 41.504617 96.810506 0.049442 0.005708 0.016245 39.88806 314.483242 4179 619.551183 27.770045 1131.954836 55.01439 261.422576 420.809021 1.20609 1.71 1.51909 1.175135 156.468385 12.730451 0.073283 0.015842 0.061511 5812.058587 3520.697776 11.044373 5808.004774 2769.157764 40.471948 0.851572
43.115603 1.104282 955.72339 287.375114 1.287959 1.46117 16.451301 133.18047 0.063907 0.005733 0.016245 38.618347 314.483242 4179.750009 653.066297 25.229917 1133.143518 54.686968 261.114114 420.742826 1.204856 1.71 1.517856 1.173285 156.900229 12.718565 0.073376 0.015817 0.061511 5812.058587 3520.697776 11.044373 5666.497194 1816.64968 40.471948 0.851572
35.239241 1.100215 1168.043034 249.358759 1.167196 1.468431 0 174.650599 0.076935 0 0.016245 35.239241 314.483242 4180 490.353288 23.322782 0 0 0 0 0 0 0 0 0 0 0 0 0.061511 5812.058587 3520.697776 11.044373 0 0 40.471948 0.851572
26.903346 1.095295 1202.204957 237.264679 1.127613 1.427698 0 194.732481 0.080639 0 0.016245 26.903346 314.483242 4180.518474 185.007161 22.603321 0 0 0 0 0 0 0 0 0 0 0 0 0.061511 5812.058587 3520.697776 11.044373 0 0 40.471948 0.851572
23.522249 1.095654 1214.911003 232.431151 1.111611 1.413176 0 203.424769 0.082127 0 0.016245 23.522249 314.483242 4180.914064 221.912742 21.740423 0 0 0 0 0 0 0 0 0 0 0 0 0.061511 5812.058587 3520.697776 11.044373 0 0 40.471948 0.851572
22.102863 1.096438 1220.524632 230.44401 1.104578 1.407483 0 207.118303 0.082752 0 0.016245 22.102863 314.483242 4181.219483 92.274218 21.381645 0 0 0 0 0 0 0 0 0 0 0 0 0.061511 5812.058587 3520.697776 11.044373 0 0 40.471948 0.851572  
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Experimental data for condensing R407C in helical wire-inserted tubes with a pitch of p = 11 mm 
 
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-6-3 19:48
96.10409 2.100803 71.07609 480.2034 1.871248 1.13292 0 16.34479 0.019426 0 0.042841 96.10409 829.3222 0 0 31.299174 0 0 0 0 0 0 0 0 0 0 0 0.235018 15139.37 6534.096 14.52503 0 0 40.06748 1.132146
50.67555 2.048448 220.39 405.0626 1.65084 1.517409 86.58177 27.8231 0.025803 0.003995 0.042841 43.53689 829.3222 4179 3219.074 28.021559 1032.155157 94.58466 271.2534 425.8 1.235845 1.730534 1.484379 113.7465 14.5069 0.076139 0.018002 0.235018 15139.37 6534.096 14.52503 15424.74 8940.923 40.06748 1.132146
48.34192 2.005842 520.9088 354.9651 1.496851 1.580814 54.64732 60.1629 0.044478 0.004112 0.042841 41.20391 829.3222 4179.535 2146.203 25.836606 1037.415828 92.2513 269.7337 425.7 1.231584 1.718753 1.466337 115.2663 14.43168 0.076636 0.017789 0.235018 15139.37 6534.096 14.52503 15424.74 7140.525 40.06748 1.132146
46.34992 1.965895 759.6265 315.0336 1.372508 1.631036 29.69384 86.28669 0.059431 0.004222 0.042841 38.70361 829.3222 4180 1710.687 24.095225 1042.410503 90.07833 268.3358 425.6 1.226589 1.707768 1.449358 116.6642 14.36179 0.077099 0.017599 0.235018 15139.37 6534.096 14.52503 15071.31 5890.787 40.06748 1.132146
45.07694 1.948407 945.4162 284.0583 1.275847 1.675766 10.33932 106.6963 0.071127 0.004273 0.042841 36.82552 829.3222 4180.29 1326.997 22.744513 1044.159284 89.13399 267.7363 425.6 1.224841 1.702681 1.442363 117.3478 14.32841 0.077309 0.017512 0.235018 15139.37 6534.096 14.52503 14785.51 4492.67 40.06748 1.132146
33.26783 1.933499 1104.661 249.2285 1.165849 1.575561 0 138.8983 0.083943 0 0.042841 33.26783 829.3222 4180.858 905.1265 21.823336 0 0 0 0 0 0 0 0 0 0 0 0.235018 15139.37 6534.096 14.52503 0 0 40.06748 1.132146
26.73408 1.936866 1135.33 239.1011 1.13267 1.525401 0 151.8863 0.087583 0 0.042841 26.73408 829.3222 4181.185 380.5415 21.436076 0 0 0 0 0 0 0 0 0 0 0 0.235018 15139.37 6534.096 14.52503 0 0 40.06748 1.132146
22.96308 1.925532 1152.148 233.3446 1.113305 1.501268 0 159.5797 0.089631 0 0.042841 22.96308 829.3222 4181.505 876.604 20.544065 0 0 0 0 0 0 0 0 0 0 0 0.235018 15139.37 6534.096 14.52503 0 0 40.06748 1.132146
21.28027 1.922539 1159.203 230.8599 1.104555 1.491555 0 163.1411 0.090541 0 0.042841 21.28027 829.3222 4181.823 375.3887 20.162108 0 0 0 0 0 0 0 0 0 0 0 0.235018 15139.37 6534.096 14.52503 0 0 40.06748 1.132146
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-6-3 20:31
99.49925 2.082284 69.13632 484.244 1.882915 1.125198 0 16.46934 0.019587 0 0.037141 99.49925 718.991 0 0 31.651732 0 0 0 0 0 0 0 0 0 0 0 0.202318 13559.36 5854.025 14.35627 0 0 40.00952 0.578792
50.5997 2.043691 216.14 405.7173 1.65328 1.514496 87.01738 27.40105 0.025537 0.004009 0.037141 43.38547 718.991 4179 2916.572 28.202162 1032.630858 94.32303 271.1107 425.8 1.235369 1.729107 1.482477 113.8893 14.49738 0.076196 0.017978 0.202318 13559.36 5854.025 14.35627 13820.88 8331.624 40.00952 0.578792
48.46452 2.011842 521.3077 354.9928 1.49677 1.583073 54.59524 60.11299 0.044494 0.004094 0.037141 41.19274 718.991 4179.456 1883.962 25.974152 1036.815793 92.57947 269.9737 425.7 1.232184 1.720553 1.468737 115.0263 14.44368 0.076568 0.017819 0.202318 13559.36 5854.025 14.35627 13820.88 6454.434 40.00952 0.578792
46.57603 1.978853 768.0576 313.7495 1.368129 1.637319 28.66621 87.03881 0.059954 0.004183 0.037141 38.6946 718.991 4180 1531.826 24.162822 1040.229326 90.77808 268.7656 425.6885 1.227885 1.710771 1.454541 116.2344 14.38771 0.076953 0.017655 0.202318 13559.36 5854.025 14.35627 13500.35 5212.061 40.00952 0.578792
45.4418 1.969412 961.1097 281.8397 1.268705 1.686876 8.504919 107.8353 0.072002 0.004212 0.037141 36.76526 718.991 4180.269 1185.163 22.761498 1042.058754 90.26828 268.4765 425.6 1.226941 1.708824 1.450765 116.5235 14.36883 0.077057 0.017617 0.202318 13559.36 5854.025 14.35627 13235.74 3891.116 40.00952 0.578792
32.75822 1.956242 1107.304 248.4132 1.162791 1.570604 0 139.9749 0.084253 0 0.037141 32.75822 718.991 4180.853 790.2329 21.827266 0 0 0 0 0 0 0 0 0 0 0 0.202318 13559.36 5854.025 14.35627 0 0 40.00952 0.578792
25.85329 1.964641 1139.63 237.7756 1.127974 1.518827 0 153.7624 0.088095 0 0.037141 25.85329 718.991 4181.159 245.3151 21.53727 0 0 0 0 0 0 0 0 0 0 0 0.202318 13559.36 5854.025 14.35627 0 0 40.00952 0.578792
22.58169 1.951441 1153.702 232.7725 1.110908 1.498473 0 160.4842 0.089861 0 0.037141 22.58169 718.991 4181.435 690.5367 20.721014 0 0 0 0 0 0 0 0 0 0 0 0.202318 13559.36 5854.025 14.35627 0 0 40.00952 0.578792
21.22883 1.951216 1159.861 230.7432 1.104144 1.491125 0 163.3243 0.090597 0 0.037141 21.22883 718.991 4181.721 276.704 20.393956 0 0 0 0 0 0 0 0 0 0 0 0.202318 13559.36 5854.025 14.35627 0 0 40.00952 0.578792
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-6-3 21:15
102.0449 2.024331 66.01523 487.7575 1.894675 1.114853 0 16.5364 0.019662 0 0.030987 102.0449 599.8591 0 0 32.349225 0 0 0 0 0 0 0 0 0 0 0 0.156983 11270.22 5016.582 13.73723 0 0 39.75169 0.11084
49.77764 1.996567 186.817 410.0016 1.668154 1.488071 89.95642 24.57622 0.023668 0.00414 0.030987 42.86372 599.8591 4179 2409.428 28.676495 1038.343314 91.74461 269.397 425.7 1.230657 1.71597 1.462627 115.603 14.41313 0.076741 0.017743 0.156983 11270.22 5016.582 13.73723 11495.73 7435.652 39.75169 0.11084
47.88919 1.974432 480.579 361.2194 1.516453 1.558272 58.968 56.22666 0.041996 0.004197 0.030987 40.79362 599.8591 4179.238 1511.618 26.372442 1041.113578 90.53933 268.633 425.6443 1.227443 1.709886 1.452773 116.367 14.37886 0.077001 0.017638 0.156983 11270.22 5016.582 13.73723 11495.73 5657.874 39.75169 0.11084
46.2192 1.950426 720.2028 321.3202 1.39221 1.614973 33.91115 82.37073 0.057019 0.004269 0.030987 38.74092 599.8591 4180 1236.36 24.48829 1043.957446 89.24298 267.8128 425.6 1.225043 1.703128 1.44317 117.283 14.33085 0.077285 0.017522 0.156983 11270.22 5016.582 13.73723 11223.27 4397.094 39.75169 0.11084
44.99865 1.93781 914.8239 288.8845 1.291281 1.664602 13.63031 103.5977 0.069261 0.004297 0.030987 36.6085 599.8591 4180.139 1005.089 22.956635 1045.219008 88.56393 267.3124 425.5781 1.223781 1.700343 1.438124 117.6876 14.31562 0.077436 0.017461 0.156983 11270.22 5016.582 13.73723 10997.93 3356.042 39.75169 0.11084
33.68853 1.932332 1102.557 249.9016 1.168241 1.579105 0 138.0523 0.083704 0 0.030987 33.68853 599.8591 4180.782 684.0366 21.914391 0 0 0 0 0 0 0 0 0 0 0 0.156983 11270.22 5016.582 13.73723 0 0 39.75169 0.11084
26.08335 1.937345 1138.583 238.125 1.129417 1.520837 0 153.2059 0.087942 0 0.030987 26.08335 599.8591 4181.125 216.7252 21.584202 0 0 0 0 0 0 0 0 0 0 0 0.156983 11270.22 5016.582 13.73723 0 0 39.75169 0.11084
22.58928 1.929729 1153.643 232.7839 1.111352 1.498941 0 160.3814 0.089838 0 0.030987 22.58928 599.8591 4181.45 635.2607 20.616431 0 0 0 0 0 0 0 0 0 0 0 0.156983 11270.22 5016.582 13.73723 0 0 39.75169 0.11084
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-6-3 22:10
103.952 2.002537 64.60139 490.1168 1.901655 1.110302 0 16.59008 0.01975 0 0.025445 103.952 492.5719 0 0 33.190893 0 0 0 0 0 0 0 0 0 0 0 0.120376 9286.071 4321.55 13.28632 0 0 39.65747 0.706148
49.59551 1.985357 177.4081 411.4457 1.672611 1.48087 90.90259 23.63745 0.023071 0.004169 0.025445 42.70985 492.5719 4179 2001.781 29.211613 1039.464302 91.13463 269.0143 425.7 1.229071 1.712607 1.457679 115.9857 14.39536 0.076876 0.017687 0.120376 9286.071 4321.55 13.28632 9483.592 6734.659 39.65747 0.706148
47.9056 1.971542 464.9176 363.7766 1.524658 1.553071 60.62955 54.5627 0.041015 0.004205 0.025445 40.7667 492.5719 4179 1212.936 26.800453 1041.691595 90.38327 268.5463 425.6154 1.227154 1.709308 1.451617 116.4537 14.37308 0.077033 0.017626 0.120376 9286.071 4321.55 13.28632 9483.592 4935.235 39.65747 0.706148
46.32954 1.953089 708.9312 323.2147 1.39814 1.61283 35.07895 81.10117 0.056305 0.004261 0.025445 38.62498 492.5719 4180 1032.094 24.749275 1043.691138 89.38679 267.8927 425.6 1.225309 1.703927 1.444235 117.1765 14.33618 0.077253 0.017535 0.120376 9286.071 4321.55 13.28632 9251.302 3778.561 39.65747 0.706148
45.1818 1.945368 910.5603 289.7548 1.293756 1.665507 14.014 102.9886 0.068958 0.004279 0.025445 36.52835 492.5719 4180.048 851.3859 23.057255 1044.46318 88.96988 267.6147 425.6 1.224537 1.702074 1.441147 117.439 14.32537 0.077346 0.017497 0.120376 9286.071 4321.55 13.28632 9051.554 2807.979 39.65747 0.706148
32.59897 1.939988 1108.005 248.1583 1.162115 1.569671 0 140.2219 0.084325 0 0.025445 32.59897 492.5719 4180.776 613.4925 21.838229 0 0 0 0 0 0 0 0 0 0 0 0.120376 9286.071 4321.55 13.28632 0 0 39.65747 0.706148
25.1792 1.946797 1142.283 236.7688 1.124896 1.515139 0 155.112 0.088448 0 0.025445 25.1792 492.5719 4181.155 148.2297 21.54372 0 0 0 0 0 0 0 0 0 0 0 0.120376 9286.071 4321.55 13.28632 0 0 39.65747 0.706148
22.15534 1.936382 1155.379 232.133 1.109049 1.496204 0 161.3193 0.090081 0 0.025445 22.15534 492.5719 4181.465 475.9439 20.598163 0 0 0 0 0 0 0 0 0 0 0 0.120376 9286.071 4321.55 13.28632 0 0 39.65747 0.706148
21.02261 1.938528 1160.663 230.4563 1.103118 1.490118 0 163.7291 0.090696 0 0.025445 21.02261 492.5719 4181.785 170.2778 20.259898 0 0 0 0 0 0 0 0 0 0 0 0.120376 9286.071 4321.55 13.28632 0 0 39.65747 0.706148
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-6-3 23:04
107.5165 2.027343 64.50329 493.7948 1.910362 1.109765 0 16.74707 0.019998 0 0.022065 107.5165 427.133 0 0 34.696076 0 0 0 0 0 0 0 0 0 0 0 0.097552 8009.414 3943.995 13.05622 0 0 40.22501 0.063733
50.18715 2.014474 179.2716 411.4294 1.67216 1.492857 90.82992 23.66232 0.023216 0.004087 0.022065 43.28246 427.133 4179 1817.352 30.238162 1036.552598 92.7216 270.079 425.7 1.232447 1.721342 1.46979 114.921 14.44895 0.076536 0.017832 0.097552 8009.414 3943.995 13.05622 8192.467 6498.523 40.22501 0.063733
48.58406 2.00417 464.0757 364.3187 1.525978 1.565031 60.6614 54.1229 0.040941 0.004117 0.022065 41.33709 427.133 4179 1039.476 27.688356 1037.583007 92.15935 269.6668 425.7 1.231417 1.718251 1.465668 115.3332 14.42834 0.076654 0.017781 0.097552 8009.414 3943.995 13.05622 8192.467 4631.651 40.22501 0.063733
47.01841 1.988017 715.8484 322.5324 1.395862 1.626626 34.11161 81.26241 0.056669 0.004164 0.022065 39.11221 427.133 4179.721 921.9954 25.427117 1039.198271 91.28095 269.1207 425.7 1.229603 1.713405 1.459009 115.8793 14.39802 0.076844 0.0177 0.097552 8009.414 3943.995 13.05622 7983.573 3487.103 40.22501 0.063733
45.89781 1.983894 927.8927 287.4166 1.28628 1.682109 11.77767 104.0722 0.069919 0.004172 0.022065 37.16828 427.133 4180 774.8143 23.526974 1039.610561 91.05419 268.9558 425.7 1.228779 1.712168 1.456947 116.0442 14.39389 0.076893 0.017679 0.097552 8009.414 3943.995 13.05622 7796.664 2497.558 40.22501 0.063733
32.64952 1.975056 1108.078 248.2392 1.162248 1.569019 0 140.2336 0.084336 0 0.022065 32.64952 427.133 4180.594 583.6347 22.09588 0 0 0 0 0 0 0 0 0 0 0 0.097552 8009.414 3943.995 13.05622 0 0 40.22501 0.063733
25.45474 1.983867 1141.55 237.1452 1.125596 1.516051 0 154.6436 0.088334 0 0.022065 25.45474 427.133 4181.022 113.4006 21.817846 0 0 0 0 0 0 0 0 0 0 0 0.097552 8009.414 3943.995 13.05622 0 0 40.22501 0.063733
22.32421 1.974599 1155.195 232.3863 1.109621 1.496786 0 161.1176 0.090023 0 0.022065 22.32421 427.133 4181.35 422.8279 20.781244 0 0 0 0 0 0 0 0 0 0 0 0.097552 8009.414 3943.995 13.05622 0 0 40.22501 0.063733
21.19243 1.974513 1160.132 230.6886 1.103962 1.490566 0 163.4939 0.090636 0 0.022065 21.19243 427.133 4181.699 146.8153 20.421342 0 0 0 0 0 0 0 0 0 0 0 0.097552 8009.414 3943.995 13.05622 0 0 40.22501 0.063733
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal 2003-6-3 23:49
106.1065 1.960865 62.40847 492.9868 1.910668 1.103281 0 16.65078 0.019837 0 0.016979 106.1065 328.6768 0 0 34.681108 0 0 0 0 0 0 0 0 0 0 0 0.077346 6748.724 3240.567 12.06548 0 0 39.42528 0.628577
48.94402 1.955667 184.7106 409.8711 1.668863 1.471154 90.02162 24.59233 0.023503 0.004253 0.016979 42.13183 328.6768 4179 1411.185 30.315181 1043.433277 89.52603 267.97 425.6 1.225567 1.7047 1.445267 117.0733 14.34134 0.077222 0.017548 0.077346 6748.724 3240.567 12.06548 6897.572 5565.956 39.42528 0.628577
47.46146 1.949596 462.0979 363.9672 1.525475 1.544409 60.94646 54.54793 0.040863 0.004271 0.016979 40.31041 328.6768 4179 779.3817 27.903929 1044.04042 89.19817 267.7838 425.6 1.22496 1.702919 1.442838 117.3121 14.3296 0.077295 0.017518 0.077346 6748.724 3240.567 12.06548 6897.572 3903.376 39.42528 0.628577
46.00083 1.938132 711.0346 322.6057 1.396787 1.608855 34.93102 81.57056 0.056484 0.004296 0.016979 38.13758 328.6768 4179.591 702.2579 25.731589 1045.186834 88.58098 267.3253 425.5813 1.223813 1.700439 1.438253 117.6747 14.31626 0.077432 0.017463 0.077346 6748.724 3240.567 12.06548 6731.458 2911.852 39.42528 0.628577
44.86042 1.93482 929.9791 286.3089 1.283299 1.667756 12.07161 105.3134 0.070226 0.004306 0.016979 37.12133 328.6768 4180 616.2683 23.825433 1045.517962 88.40548 267.1928 425.5482 1.223482 1.699446 1.436928 117.8072 14.30964 0.077472 0.017449 0.077346 6748.724 3240.567 12.06548 6580.688 1871.518 39.42528 0.628577
30.93346 1.929888 1115.93 245.5935 1.153667 1.555936 0 143.4526 0.085253 0 0.016979 30.93346 328.6768 4180.42 430.4798 22.494066 0 0 0 0 0 0 0 0 0 0 0 0.077346 6748.724 3240.567 12.06548 0 0 39.42528 0.628577
24.94951 1.93666 1143.239 236.4192 1.123748 1.513913 0 155.549 0.088564 0 0.016979 24.94951 328.6768 4180.776 29.75397 22.402053 0 0 0 0 0 0 0 0 0 0 0 0.077346 6748.724 3240.567 12.06548 0 0 39.42528 0.628577
22.37606 1.928551 1154.496 232.4641 1.110309 1.497685 0 160.8245 0.089953 0 0.016979 22.37606 328.6768 4181.037 307.9147 21.44989 0 0 0 0 0 0 0 0 0 0 0 0.077346 6748.724 3240.567 12.06548 0 0 39.42528 0.628577
21.63689 1.932327 1157.687 231.3682 1.10641 1.49341 0 162.4047 0.090358 0 0.016979 21.63689 328.6768 4181.347 92.74084 21.163129 0 0 0 0 0 0 0 0 0 0 0 0.077346 6748.724 3240.567 12.06548 0 0 39.42528 0.628577  
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D.3 Experimental data for smooth tubes  
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Experimental data for condensing R22 in smooth tubes  
 
R22 Smoot h G=800. 57 kg/ m2s Tsat =39. 64 ℃
T P Densi t y ent hal py Ent r opy Cp Qual i t y Vi scosi t y Ther Cond Sur f  t ens Fl owr ef Tmeasur ed G Cpw Q Tw Densi t y( L) Densi t y( V) Ent h( L) Ent h( V) Ent r ( L) Ent r ( V) Cp( L) Cp( V) Vi sc( L) Vi sc( V) Ther cond( L) Ther cond( V) Fl oww hoAve hi Ave LMTDave ho hi Local Tsat  ave Ener gy bal 2002- 8- 6 16: 38
107. 648089 1. 61552 49. 464934 474. 48339 1. 863055 0. 839023 0 16. 512132 0. 016628 0 0. 041355 107. 648089 800. 56996 0 0 30. 182649 0 0 0 0 0 0 0 0 0 0 0 0 0. 351664 20481. 63444 4727. 01229 13. 388331 0 0 39. 644055 0. 534515
41. 090708 1. 574643 152. 167857 403. 233517 1. 655101 1. 033051 92. 035488 23. 459302 0. 018194 0 0. 041355 41. 303099 800. 56996 4179 2946. 557882 28. 177645 1123. 535741 68. 108202 251. 085702 416. 399994 1. 170929 1. 697 1. 346464 1. 005929 137. 567873 13. 584643 0. 076384 0. 013159 0. 351664 20481. 63444 4727. 01229 13. 388331 20769. 54775 6761. 860016 39. 644055 0. 534515
40. 417959 1. 549184 501. 698068 348. 171583 1. 480611 1. 139587 58. 989545 64. 843934 0. 039165 0 0. 041355 40. 251515 800. 56996 4179. 298517 2277. 101229 26. 628288 1127. 081628 66. 921634 250. 175508 416. 299988 1. 167918 1. 698 1. 341837 0. 99898 138. 64082 13. 539184 0. 07669 0. 013077 0. 351664 20481. 63444 4727. 01229 13. 388331 20769. 54775 5080. 062283 39. 644055 0. 534515
39. 862298 1. 52855 822. 629519 297. 528618 1. 319561 1. 23858 28. 82998 103. 228292 0. 058505 0 0. 041355 39. 33193 800. 56996 4180 2094. 353591 25. 203513 1129. 145011 65. 961844 249. 456496 416. 200012 1. 165855 1. 699 1. 337855 0. 993508 139. 572505 13. 50855 0. 076937 0. 013004 0. 351664 20481. 63444 4727. 01229 13. 388331 20437. 80884 3682. 393907 39. 644055 0. 534515
39. 471578 1. 513762 1064. 180819 259. 377485 1. 197719 1. 314163 6. 236722 132. 343716 0. 073113 0 0. 041355 37. 689677 800. 56996 4180 1577. 750477 24. 13018 1130. 623782 65. 273058 248. 950488 416. 13763 1. 164376 1. 699 1. 335752 0. 989578 140. 249509 13. 487524 0. 077115 0. 012951 0. 351664 20481. 63444 4727. 01229 13. 388331 20132. 77401 2706. 790667 39. 644055 0. 534515
31. 649459 1. 514742 1165. 944184 238. 744293 1. 131056 1. 284602 0 154. 614657 0. 080903 0 0. 041355 31. 649459 800. 56996 4180. 092061 924. 040828 23. 501575 0 0 0 0 0 0 0 0 0 0 0 0 0. 351664 20481. 63444 4727. 01229 13. 388331 0 0 39. 644055 0. 534515
26. 266571 1. 513832 1188. 210355 231. 846543 1. 108259 1. 256333 0 164. 801898 0. 083446 0 0. 041355 26. 266571 800. 56996 4180. 298274 288. 493525 23. 305329 0 0 0 0 0 0 0 0 0 0 0 0 0. 351664 20481. 63444 4727. 01229 13. 388331 0 0 39. 644055 0. 534515
24. 482643 1. 510352 1195. 276473 229. 627438 1. 100931 1. 248313 0 168. 265408 0. 084272 0 0. 041355 24. 482643 800. 56996 4180. 380276 193. 7043 23. 173565 0 0 0 0 0 0 0 0 0 0 0 0 0. 351664 20481. 63444 4727. 01229 13. 388331 0 0 39. 644055 0. 534515
23. 573698 1. 504025 1198. 785705 228. 488438 1. 097295 1. 244261 0 170. 021457 0. 084693 0 0. 041355 23. 573698 800. 56996 4180. 404127 - 53. 457799 23. 209929 0 0 0 0 0 0 0 0 0 0 0 0 0. 351664 20481. 63444 4727. 01229 13. 388331 0 0 39. 644055 0. 534515
 R22 Smoot h  G=700. 60 kg/ m2s  Tsat =39. 09 ℃
T P Densi t y ent hal py Ent r opy Cp Qual i t y Vi scosi t y Ther Cond Sur f  t ens Fl owr ef Tmeasur ed G Cpw Q Tw Densi t y( L) Densi t y( V) Ent h( L) Ent h( V) Ent r ( L) Ent r ( V) Cp( L) Cp( V) Vi sc( L) Vi sc( V) Ther cond( L) Ther cond( V) Fl oww hoAve hi Ave LMTDave ho hi Local Tsat  ave Ener gy bal 2002- 8- 6 17: 32
111. 564979 1. 58859 47. 823936 478. 043259 1. 874043 0. 836299 0 16. 668035 0. 016873 0 0. 036191 111. 564979 700. 603216 0 0 29. 79181 0 0 0 0 0 0 0 0 0 0 0 0 0. 319106 18975. 8443 4270. 77623 13. 219845 0 0 39. 091344 0. 123104
40. 584458 1. 555556 148. 503182 403. 615578 1. 65735 1. 027041 92. 322232 23. 135013 0. 017973 0 0. 036191 40. 713333 700. 603216 4179 2693. 631653 27. 771908 1125. 888782 67. 221136 250. 422246 416. 355552 1. 168556 1. 698 1. 343111 1. 000756 138. 377757 13. 551112 0. 076613 0. 013097 0. 319106 18975. 8443 4270. 77623 13. 219845 19240. 58296 6184. 463529 39. 091344 0. 123104
40. 030626 1. 534838 510. 813663 346. 544578 1. 475859 1. 139043 58. 149644 66. 161902 0. 039741 0 0. 036191 39. 770798 700. 603216 4179. 501214 2065. 471452 26. 223236 1128. 5162 66. 252546 249. 693517 416. 24838 1. 166484 1. 698516 1. 338968 0. 995158 139. 306483 13. 519676 0. 076862 0. 013025 0. 319106 18975. 8443 4270. 77623 13. 219845 19240. 58296 4576. 143556 39. 091344 0. 123104
39. 665247 1. 520971 846. 976022 293. 615741 1. 307027 1. 245215 26. 583445 106. 336555 0. 06 0 0. 036191 38. 84453 700. 603216 4180 1915. 561345 24. 787137 1129. 902895 65. 605637 249. 229129 416. 200012 1. 165097 1. 699 1. 337097 0. 991462 139. 951448 13. 500971 0. 077028 0. 012974 0. 319106 18975. 8443 4270. 77623 13. 219845 18931. 73406 3291. 782821 39. 091344 0. 123104
39. 318964 1. 50811 1084. 160574 256. 107229 1. 187426 1. 319337 4. 410938 134. 891805 0. 074351 0 0. 036191 37. 036716 700. 603216 4180 1357. 480362 23. 769432 1131. 189017 65. 01116 248. 724395 416. 100006 1. 163811 1. 699189 1. 334622 0. 988109 140. 494502 13. 476219 0. 077185 0. 012934 0. 319106 18975. 8443 4270. 77623 13. 219845 18646. 4644 2433. 731133 39. 091344 0. 123104
30. 197171 1. 50706 1172. 211316 236. 856326 1. 124789 1. 276845 0 157. 270552 0. 081591 0 0. 036191 30. 197171 700. 603216 4180. 262135 783. 565346 23. 182029 0 0 0 0 0 0 0 0 0 0 0 0 0. 319106 18975. 8443 4270. 77623 13. 219845 0 0 39. 091344 0. 123104
25. 411391 1. 507899 1191. 512412 230. 793671 1. 104646 1. 252553 0 166. 443452 0. 083838 0 0. 036191 25. 411391 700. 603216 4180. 447343 204. 67518 23. 0286 0 0 0 0 0 0 0 0 0 0 0 0 0. 319106 18975. 8443 4270. 77623 13. 219845 0 0 39. 091344 0. 123104
23. 982075 1. 501426 1197. 10023 228. 97849 1. 098928 1. 245928 0 169. 236959 0. 0845 0 0. 036191 23. 982075 700. 603216 4180. 513455 148. 106603 22. 917578 0 0 0 0 0 0 0 0 0 0 0 0 0. 319106 18975. 8443 4270. 77623 13. 219845 0 0 39. 091344 0. 123104
23. 233005 1. 500891 1200. 085808 228. 079609 1. 095932 1. 242918 0 170. 660444 0. 084851 0 0. 036191 23. 233005 700. 603216 4180. 528704 - 66. 73796 22. 967606 0 0 0 0 0 0 0 0 0 0 0 0 0. 319106 18975. 8443 4270. 77623 13. 219845 0 0 39. 091344 0. 123104
R22 Smoot h G=605. 04 kg/ m2s Tsat =39. 81 ℃
T P Densi t y ent hal py Ent r opy Cp Qual i t y Vi scosi t y Ther Cond Sur f  t ens Fl owr ef Tmeasur ed G Cpw Q Tw Densi t y( L) Densi t y( V) Ent h( L) Ent h( V) Ent r ( L) Ent r ( V) Cp( L) Cp( V) Vi sc( L) Vi sc( V) Ther cond( L) Ther cond( V) Fl oww hoAve hi Ave LMTDave ho hi Local Tsat  ave Ener gy bal 2002- 8- 6 17: 58
113. 974144 1. 602288 47. 851532 479. 953971 1. 877765 0. 837067 0 16. 769881 0. 01705 0 0. 031255 113. 974144 605. 04203 0 0 31. 687338 0 0 0 0 0 0 0 0 0 0 0 0 0. 225016 14852. 14751 3939. 47291 12. 590689 0 0 39. 807383 0. 285668
41. 21116 1. 579275 84. 77619 413. 824577 1. 68881 1. 012159 98. 44036 15. 519282 0. 014162 0 0. 031255 41. 190791 605. 04203 4179 2066. 862946 29. 489345 1123. 072462 68. 325943 251. 271018 416. 399994 1. 171855 1. 697 1. 346928 1. 006855 137. 336234 13. 589276 0. 076329 0. 013177 0. 225016 14852. 14751 3939. 47291 12. 590689 15098. 27034 5951. 731115 39. 807383 0. 285668
40. 778574 1. 56291 429. 904056 359. 60139 1. 516592 1. 119995 65. 72465 56. 244723 0. 034851 0 0. 031255 40. 280523 605. 04203 4179 1694. 736451 27. 687088 1124. 708989 67. 563865 250. 687306 416. 399994 1. 169291 1. 697709 1. 344582 1. 002873 138. 083594 13. 565821 0. 076525 0. 013119 0. 225016 14852. 14751 3939. 47291 12. 590689 15098. 27034 4260. 170351 39. 807383 0. 285668
40. 399883 1. 548514 753. 055087 308. 776604 1. 354905 1. 220715 35. 283237 94. 52234 0. 054249 0 0. 031255 39. 523007 605. 04203 4179. 578723 1588. 520018 25. 99802 1127. 148576 66. 890168 250. 155424 416. 299988 1. 167851 1. 698 1. 341703 0. 998799 138. 674294 13. 538514 0. 076698 0. 013074 0. 225016 14852. 14751 3939. 47291 12. 590689 14822. 81858 2979. 98225 39. 807383 0. 285668
40. 170404 1. 540015 1014. 542913 267. 685484 1. 223755 1. 303289 10. 688154 125. 678221 0. 069985 0 0. 031255 38. 235212 605. 04203 4180 1284. 295965 24. 63257 1127. 998496 66. 490705 249. 900445 416. 299988 1. 167002 1. 698 1. 340003 0. 996504 139. 099254 13. 530015 0. 0768 0. 01304 0. 225016 14852. 14751 3939. 47291 12. 590689 14566. 16684 2109. 638252 39. 807383 0. 285668
32. 49555 1. 536787 1162. 388951 239. 794655 1. 134611 1. 289238 0 153. 105606 0. 08052 0 0. 031255 32. 49555 605. 04203 4180 836. 314896 23. 743409 0 0 0 0 0 0 0 0 0 0 0 0 0. 225016 14852. 14751 3939. 47291 12. 590689 0 0 39. 807383 0. 285668
26. 575429 1. 539766 1187. 493615 232. 248059 1. 109419 1. 257877 0 164. 27444 0. 083321 0 0. 031255 26. 575429 605. 04203 4180. 188231 225. 50279 23. 503667 0 0 0 0 0 0 0 0 0 0 0 0 0. 225016 14852. 14751 3939. 47291 12. 590689 0 0 39. 807383 0. 285668
24. 479378 1. 534855 1195. 779583 229. 623193 1. 100918 1. 248063 0 168. 344368 0. 084296 0 0. 031255 24. 479378 605. 04203 4180. 286203 143. 113287 23. 351521 0 0 0 0 0 0 0 0 0 0 0 0 0. 225016 14852. 14751 3939. 47291 12. 590689 0 0 39. 807383 0. 285668
23. 686444 1. 531561 1198. 885438 228. 623733 1. 097746 1. 244548 0 169. 878672 0. 084661 0 0. 031255 23. 686444 605. 04203 4180. 313808 - 39. 247679 23. 393246 0 0 0 0 0 0 0 0 0 0 0 0 0. 225016 14852. 14751 3939. 47291 12. 590689 0 0 39. 807383 0. 285668
R22 Smoot h G=500. 71 kg/ m2s Tsat =39. 11 ℃
T P Densi t y ent hal py Ent r opy Cp Qual i t y Vi scosi t y Ther Cond Sur f  t ens Fl owr ef Tmeasur ed G Cpw Q Tw Densi t y( L) Densi t y( V) Ent h( L) Ent h( V) Ent r ( L) Ent r ( V) Cp( L) Cp( V) Vi sc( L) Vi sc( V) Ther cond( L) Ther cond( V) Fl oww hoAve hi Ave LMTDave ho hi Local Tsat  ave Ener gy bal 2002- 8- 6 18: 18
117. 247211 1. 568271 46. 168832 482. 951599 1. 887555 0. 834558 0 16. 897196 0. 017248 0 0. 025866 117. 247211 500. 714602 0 0 31. 052576 0 0 0 0 0 0 0 0 0 0 0 0 0. 186873 12821. 00806 3358. 086176 12. 759265 0 0 39. 105912 0. 126169
40. 46286 1. 550879 91. 891425 412. 408517 1. 685555 1. 007495 97. 651485 16. 477945 0. 014576 0 0. 025866 40. 48136 500. 714602 4179 1824. 636161 28. 716118 1126. 824148 67. 001325 250. 235168 416. 308781 1. 168088 1. 698 1. 342176 0. 999446 138. 564835 13. 541759 0. 076669 0. 013083 0. 186873 12821. 00806 3358. 086176 12. 759265 13045. 62513 5143. 744074 39. 105912 0. 126169
40. 096043 1. 537261 448. 324944 356. 390228 1. 50708 1. 119401 64. 030758 58. 732481 0. 035981 0 0. 025866 39. 70205 500. 714602 4179. 105775 1448. 944289 26. 860783 1128. 273913 66. 363998 249. 79043 416. 272603 1. 166726 1. 698274 1. 339452 0. 995788 139. 20957 13. 524522 0. 076833 0. 013032 0. 186873 12821. 00806 3358. 086176 12. 759265 13045. 62513 3591. 496203 39. 105912 0. 126169
39. 900434 1. 530016 794. 95591 301. 886737 1. 333498 1. 229869 31. 425461 99. 906633 0. 056836 0 0. 025866 38. 944737 500. 714602 4180 1409. 763184 25. 056005 1128. 998398 66. 030735 249. 500641 416. 200172 1. 166002 1. 698998 1. 338003 0. 993904 139. 499359 13. 510032 0. 07692 0. 01301 0. 186873 12821. 00806 3358. 086176 12. 759265 12797. 22512 2468. 094964 39. 105912 0. 126169
39. 704482 1. 52248 1066. 636365 259. 175592 1. 196907 1. 316762 5. 931499 132. 380152 0. 073212 0 0. 025866 37. 2955 500. 714602 4180 1104. 747591 23. 641707 1129. 751993 65. 676561 249. 2744 416. 200012 1. 165248 1. 699 1. 337248 0. 99187 139. 875996 13. 50248 0. 07701 0. 01298 0. 186873 12821. 00806 3358. 086176 12. 759265 12559. 05283 1763. 62676 39. 105912 0. 126169
29. 755366 1. 522172 1173. 978538 236. 281981 1. 123021 1. 274197 0 158. 153497 0. 081813 0 0. 025866 29. 755366 500. 714602 4180. 384313 641. 105493 22. 821039 0 0 0 0 0 0 0 0 0 0 0 0 0. 186873 12821. 00806 3358. 086176 12. 759265 0 0 39. 105912 0. 126169
24. 918478 1. 522658 1193. 779253 230. 194024 1. 102674 1. 250176 0 167. 449979 0. 084081 0 0. 025866 24. 918478 500. 714602 4180. 629657 125. 552866 22. 660331 0 0 0 0 0 0 0 0 0 0 0 0 0. 186873 12821. 00806 3358. 086176 12. 759265 0 0 39. 105912 0. 126169
23. 439194 1. 519838 1199. 639988 228. 327034 1. 096757 1. 243534 0 170. 327461 0. 084767 0 0. 025866 23. 439194 500. 714602 4180. 702467 101. 976129 22. 529803 0 0 0 0 0 0 0 0 0 0 0 0 0. 186873 12821. 00806 3358. 086176 12. 759265 0 0 39. 105912 0. 126169
22. 777543 1. 515757 1202. 204974 227. 533055 1. 09404 1. 240643 0 171. 600937 0. 085072 0 0. 025866 22. 777543 500. 714602 4180. 723671 - 35. 71222 22. 575514 0 0 0 0 0 0 0 0 0 0 0 0 0. 186873 12821. 00806 3358. 086176 12. 759265 0 0 39. 105912 0. 126169
 R22 Smoot h  G=399. 83 kg/ m2s  Tsat =39. 18 ℃
T P Densi t y ent hal py Ent r opy Cp Qual i t y Vi scosi t y Ther Cond Sur f  t ens Fl owr ef Tmeasur ed G Cpw Q Tw Densi t y( L) Densi t y( V) Ent h( L) Ent h( V) Ent r ( L) Ent r ( V) Cp( L) Cp( V) Vi sc( L) Vi sc( V) Ther cond( L) Ther cond( V) Fl oww hoAve hi Ave LMTDave ho hi Local Tsat  ave Ener gy bal 2002- 8- 6 18: 43
120. 727787 1. 558199 45. 277557 485. 916644 1. 8958 0. 834097 0 17. 038475 0. 017486 0 0. 020654 120. 727787 399. 826323 0 0 31. 894112 0 0 0 0 0 0 0 0 0 0 0 0 0. 148451 10889. 75131 2878. 658747 12. 06951 0 0 39. 177726 0. 312782
40. 331032 1. 545964 78. 702679 414. 429963 1. 692033 1. 00197 98. 874978 14. 945233 0. 01378 0 0. 020654 40. 371754 399. 826323 4179 1476. 481816 29. 514141 1127. 40358 66. 770316 250. 078922 416. 299988 1. 167596 1. 698 1. 341193 0. 99811 138. 801796 13. 535964 0. 076728 0. 013064 0. 148451 10889. 75131 2878. 658747 12. 06951 11083. 09648 4548. 897386 39. 177726 0. 312782
40. 114759 1. 537954 432. 08086 358. 950541 1. 515188 1. 114311 65. 560183 56. 801581 0. 035003 0 0. 020654 39. 684463 399. 826323 4179 1145. 868826 27. 667092 1128. 204591 66. 395886 249. 818159 416. 279534 1. 166795 1. 698205 1. 339591 0. 995968 139. 181841 13. 525908 0. 076825 0. 013034 0. 148451 10889. 75131 2878. 658747 12. 06951 11083. 09648 3115. 531184 39. 177726 0. 312782
39. 983027 1. 533075 775. 28497 305. 038782 1. 343385 1. 224225 33. 261226 97. 514138 0. 055641 0 0. 020654 39. 150219 399. 826323 4179. 615102 1113. 49039 25. 872499 1128. 692494 66. 171451 249. 623001 416. 230755 1. 166308 1. 698692 1. 338615 0. 9947 139. 376999 13. 51615 0. 076883 0. 013019 0. 148451 10889. 75131 2878. 658747 12. 06951 10875. 10901 2089. 751508 39. 177726 0. 312782
39. 869617 1. 528831 1069. 742123 258. 776823 1. 195657 1. 318655 5. 584837 132. 518766 0. 073364 0 0. 020654 37. 504469 399. 826323 4180 955. 491856 24. 332691 1129. 116862 65. 975073 249. 464941 416. 200012 1. 165883 1. 699 1. 337883 0. 993584 139. 558431 13. 508832 0. 076934 0. 013005 0. 148451 10889. 75131 2878. 658747 12. 06951 10674. 95854 1482. 555516 39. 177726 0. 312782
29. 870586 1. 527021 1173. 517656 236. 431767 1. 123482 1. 274753 0 157. 953974 0. 081762 0 0. 020654 29. 870586 399. 826323 4180. 050624 538. 548797 23. 464812 0 0 0 0 0 0 0 0 0 0 0 0 0. 148451 10889. 75131 2878. 658747 12. 06951 0 0 39. 177726 0. 312782
25. 353 1. 52901 1192. 168204 230. 723602 1. 104412 1. 252037 0 166. 624855 0. 083885 0 0. 020654 25. 353 399. 826323 4180. 296937 72. 836155 23. 347442 0 0 0 0 0 0 0 0 0 0 0 0 0. 148451 10889. 75131 2878. 658747 12. 06951 0 0 39. 177726 0. 312782
24. 08094 1. 527381 1197. 223861 229. 105222 1. 099324 1. 24636 0 169. 097315 0. 084474 0 0. 020654 24. 08094 399. 826323 4180. 361609 87. 70141 23. 20612 0 0 0 0 0 0 0 0 0 0 0 0 0. 148451 10889. 75131 2878. 658747 12. 06951 0 0 39. 177726 0. 312782
23. 40956 1. 524584 1199. 853439 228. 291474 1. 096638 1. 243348 0 170. 400038 0. 084784 0 0. 020654 23. 40956 399. 826323 4180. 38428 - 31. 426437 23. 25676 0 0 0 0 0 0 0 0 0 0 0 0 0. 148451 10889. 75131 2878. 658747 12. 06951 0 0 39. 177726 0. 312782
 R22 Smoot h  G=305. 09 kg/ m2s  Tsat =39. 61 ℃
T P Densi t y ent hal py Ent r opy Cp Qual i t y Vi scosi t y Ther Cond Sur f  t ens Fl owr ef Tmeasur ed G Cpw Q Tw Densi t y( L) Densi t y( V) Ent h( L) Ent h( V) Ent r ( L) Ent r ( V) Cp( L) Cp( V) Vi sc( L) Vi sc( V) Ther cond( L) Ther cond( V) Fl oww hoAve hi Ave LMTDave ho hi Local Tsat  ave Ener gy bal 2002- 8- 6 22: 42
125. 672931 1. 592462 45. 58515 489. 79865 1. 903798 0. 836715 0 17. 253902 0. 017853 0 0. 01576 125. 672931 305. 090146 0 0 36. 741363 0 0 0 0 0 0 0 0 0 0 0 0 0. 085796 7428. 098192 2280. 976485 10. 018697 0 0 39. 60602 0. 22563
42. 124374 1. 584994 68. 189705 417. 250772 1. 699174 1. 001185 0 13. 636345 0. 01321 0 0. 01576 42. 124374 305. 090146 4179 1007. 099345 33. 932493 0 0 0 0 0 0 0 0 0 0 0 0 0. 085796 7428. 098192 2280. 976485 10. 018697 0 0 39. 60602 0. 22563
41. 212853 1. 579341 261. 481032 386. 160707 1. 600834 1. 069144 81. 687185 36. 250284 0. 024742 0 0. 01576 40. 600912 305. 090146 4179 626. 248026 32. 185844 1123. 065949 68. 329004 251. 273623 416. 399994 1. 171868 1. 697 1. 346934 1. 006868 137. 332978 13. 589341 0. 076328 0. 013177 0. 085796 7428. 098192 2280. 976485 10. 018697 7571. 742432 3312. 101373 39. 60602 0. 22563
41. 150446 1. 57694 535. 538502 343. 219391 1. 464195 1. 157117 55. 707816 68. 44992 0. 041156 0 0. 01576 40. 197924 305. 090146 4179 676. 760677 30. 298311 1123. 305976 68. 216191 251. 17761 416. 399994 1. 171388 1. 697 1. 346694 1. 006388 137. 452991 13. 58694 0. 076357 0. 013168 0. 085796 7428. 098192 2280. 976485 10. 018697 7571. 742432 2143. 608313 39. 60602 0. 22563
41. 071141 1. 57389 816. 635995 299. 141587 1. 323816 1. 247331 29. 082321 101. 537138 0. 058002 0 0. 01576 39. 68363 305. 090146 4179 694. 671886 28. 360823 1123. 610998 68. 072831 251. 055598 416. 399994 1. 170778 1. 697 1. 346389 1. 005778 137. 605502 13. 58389 0. 076393 0. 013156 0. 085796 7428. 098192 2280. 976485 10. 018697 7429. 76148 1428. 745513 39. 60602 0. 22563
40. 915717 1. 56799 1094. 38857 255. 511914 1. 184683 1. 335969 2. 822073 134. 37246 0. 074677 0 0. 01576 37. 941616 305. 090146 4179. 299002 687. 609273 26. 443171 1124. 201052 67. 797516 250. 839681 416. 399994 1. 169799 1. 697201 1. 345598 1. 004397 137. 880423 13. 575979 0. 076464 0. 013134 0. 085796 7428. 098192 2280. 976485 10. 018697 7284. 357124 1043. 160154 39. 60602 0. 22563
30. 939352 1. 572197 1169. 269517 237. 821152 1. 127757 1. 279253 0 156. 104018 0. 081296 0 0. 01576 30. 939352 305. 090146 4179. 977301 285. 302869 25. 647627 0 0 0 0 0 0 0 0 0 0 0 0 0. 085796 7428. 098192 2280. 976485 10. 018697 0 0 39. 60602 0. 22563
26. 611764 1. 5706 1187. 552944 232. 295295 1. 109447 1. 257647 0 164. 320049 0. 083329 0 0. 01576 26. 611764 305. 090146 4180 129. 642637 25. 286131 0 0 0 0 0 0 0 0 0 0 0 0 0. 085796 7428. 098192 2280. 976485 10. 018697 0 0 39. 60602 0. 22563
25. 728487 1. 567158 1191. 086052 231. 174185 1. 105914 1. 253299 0 166. 002337 0. 083741 0 0. 01576 25. 728487 305. 090146 4180 3. 806092 25. 275518 0 0 0 0 0 0 0 0 0 0 0 0 0. 085796 7428. 098192 2280. 976485 10. 018697 0 0 39. 60602 0. 22563  
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Experimental data for condensing R134a in smooth tubes  
 
 
T P Densi t y ent hal py Ent r opy Cp Qual i t y Vi scosi t y Ther Cond Sur f  t ens Fl owr ef Tmeasur ed G Cpw Q Tw Densi t y( L) Densi t y( V) Ent h( L) Ent h( V) Ent r ( L) Ent r ( V) Cp( L) Cp( V) Vi sc( L) Vi sc( V) Ther cond( L) Ther cond( V) Fl oww hoAve hi Ave LMTDave ho hi Local Tsat  ave Ener gy bal 2002- 8- 7 14: 38
81. 358318 1. 127096 44. 95254 462. 014802 1. 831823 1. 058335 0 14. 342232 0. 01843 0 0. 041359 81. 358318 800. 64741 0 0 30. 925097 0 0 0 0 0 0 0 0 0 0 0 0 0. 316351 19062. 90971 4657. 821952 13. 13246 0 0 40. 025245 0. 168331
42. 246786 1. 079337 202. 853307 398. 238773 1. 639777 1. 21267 86. 207392 32. 803728 0. 023713 0. 005843 0. 041359 42. 336257 800. 64741 4179 2637. 730182 28. 929883 1137. 132652 53. 374847 259. 766825 420. 393361 1. 200867 1. 71 1. 511867 1. 164801 158. 653066 12. 668674 0. 07375 0. 015707 0. 316351 19062. 90971 4657. 821952 13. 13246 19343. 84433 6152. 455586 40. 025245 0. 168331
41. 087766 1. 046605 571. 813724 342. 684755 1. 465067 1. 321377 52. 308892 83. 440941 0. 043549 0. 005987 0. 041359 40. 830359 800. 64741 4179 2297. 673789 27. 191893 1142. 339537 51. 653443 258. 030244 419. 866038 1. 195321 1. 711 1. 504981 1. 153981 161. 137674 12. 603209 0. 074241 0. 015566 0. 316351 19062. 90971 4657. 821952 13. 13246 19343. 84433 4716. 984302 40. 025245 0. 168331
40. 093836 1. 019273 881. 822907 295. 852777 1. 316307 1. 413681 24. 118702 126. 908939 0. 060389 0. 006114 0. 041359 39. 676611 800. 64741 4179. 770267 1936. 936545 25. 727038 1146. 145348 50. 222208 256. 556401 419. 485464 1. 190855 1. 711 1. 498855 1. 145709 163. 258136 12. 548547 0. 074671 0. 015456 0. 316351 19062. 90971 4657. 821952 13. 13246 19002. 63622 3449. 167146 40. 025245 0. 168331
39. 628266 1. 00644 1117. 09721 260. 471611 1. 203504 1. 486179 2. 844812 159. 932895 0. 073175 0. 006174 0. 041359 37. 257752 800. 64741 4180 1463. 339289 24. 620414 1148. 356036 49. 554863 255. 821982 419. 264393 1. 188644 1. 711 1. 496288 1. 140932 164. 249224 12. 522879 0. 074867 0. 015396 0. 316351 19062. 90971 4657. 821952 13. 13246 18714. 19207 2668. 133927 40. 025245 0. 168331
30. 835696 1. 005685 1185. 657218 242. 95354 1. 147083 1. 447083 0 184. 717074 0. 078817 0 0. 041359 30. 835696 800. 64741 4180 668. 281364 24. 115038 0 0 0 0 0 0 0 0 0 0 0 0 0. 316351 19062. 90971 4657. 821952 13. 13246 0 0 40. 025245 0. 168331
26. 542402 1. 001219 1202. 830391 236. 75936 1. 126699 1. 427158 0 195. 294632 0. 080717 0 0. 041359 26. 542402 800. 64741 4180 283. 376775 23. 90074 0 0 0 0 0 0 0 0 0 0 0 0 0. 316351 19062. 90971 4657. 821952 13. 13246 0 0 40. 025245 0. 168331
25. 29674 0. 999206 1207. 801872 235. 01544 1. 120484 1. 422192 0 198. 454971 0. 081269 0 0. 041359 25. 29674 800. 64741 4180. 071642 116. 431779 23. 812692 0 0 0 0 0 0 0 0 0 0 0 0 0. 316351 19062. 90971 4657. 821952 13. 13246 0 0 40. 025245 0. 168331
24. 249328 0. 997659 1211. 955858 233. 473998 1. 115247 1. 417997 0 201. 142383 0. 081728 0 0. 041359 24. 249328 800. 64741 4180. 095573 10. 148129 23. 805018 0 0 0 0 0 0 0 0 0 0 0 0 0. 316351 19062. 90971 4657. 821952 13. 13246 0 0 40. 025245 0. 168331
R134a Smoot h G=700. 02 kg/ m2s Tsat =40. 10 ℃
T P Densi t y ent hal py Ent r opy Cp Qual i t y Vi scosi t y Ther Cond Sur f  t ens Fl owr ef Tmeasur ed G Cpw Q Tw Densi t y( L) Densi t y( V) Ent h( L) Ent h( V) Ent r ( L) Ent r ( V) Cp( L) Cp( V) Vi sc( L) Vi sc( V) Ther cond( L) Ther cond( V) Fl oww hoAve hi Ave LMTDave ho hi Local Tsat  ave Ener gy bal 2002- 8- 7 15: 08
82. 9945 1. 111631 43. 906098 463. 954804 1. 838588 1. 054866 0 14. 404432 0. 018539 0 0. 036161 82. 9945 700. 015049 0 0 31. 365329 0 0 0 0 0 0 0 0 0 0 0 0 0. 225159 14757. 69951 4157. 142235 13. 591309 0 0 40. 095875 0. 259052
42. 049904 1. 073712 164. 689282 403. 793272 1. 657519 1. 198868 89. 714843 27. 719588 0. 021666 0. 005865 0. 036161 42. 187568 700. 015049 4179 2175. 493795 29. 053285 1138. 257684 53. 076714 259. 485567 420. 337106 1. 199742 1. 71 1. 510742 1. 163113 159. 103072 12. 657423 0. 073834 0. 015685 0. 225159 14757. 69951 4157. 142235 13. 591309 15033. 20595 5783. 097302 40. 095875 0. 259052
41. 033496 1. 045097 532. 406396 348. 493708 1. 483577 1. 308236 55. 924042 78. 116024 0. 041434 0. 005995 0. 036161 40. 785326 700. 015049 4179. 004656 1999. 680809 26. 928092 1142. 490286 51. 575053 257. 954869 419. 850962 1. 195019 1. 711 1. 504529 1. 153529 161. 2432 12. 600194 0. 074264 0. 01556 0. 225159 14757. 69951 4157. 142235 13. 591309 15033. 20595 4227. 757118 40. 095875 0. 259052
40. 275351 1. 024199 855. 440545 299. 924661 1. 329388 1. 406426 26. 494303 123. 041654 0. 05893 0. 006093 0. 036161 39. 817521 700. 015049 4180 1756. 299358 25. 062001 1145. 580134 50. 478329 256. 809939 419. 541989 1. 19184 1. 711 1. 49984 1. 14726 162. 864103 12. 558397 0. 074593 0. 015477 0. 225159 14757. 69951 4157. 142235 13. 591309 14710. 02304 2965. 613193 40. 095875 0. 259052
39. 75647 1. 009905 1110. 065618 261. 63716 1. 207025 1. 484716 3. 454867 158. 773352 0. 072759 0. 00616 0. 036161 37. 593084 700. 015049 4180 1384. 509652 23. 590941 1148. 009536 49. 735043 255. 995232 419. 299034 1. 18899 1. 711 1. 496981 1. 141971 164. 006675 12. 529809 0. 074812 0. 01541 0. 225159 14757. 69951 4157. 142235 13. 591309 14426. 21533 2212. 879029 40. 095875 0. 259052
30. 656058 1. 011617 1186. 37577 242. 684083 1. 146128 1. 446128 0 185. 171929 0. 078901 0 0. 036161 30. 656058 700. 015049 4180. 391786 705. 022399 22. 841916 0 0 0 0 0 0 0 0 0 0 0 0 0. 225159 14757. 69951 4157. 142235 13. 591309 0 0 40. 095875 0. 259052
25. 690696 1. 007874 1206. 237217 235. 566976 1. 122453 1. 423605 0 197. 504752 0. 081102 0 0. 036161 25. 690696 700. 015049 4180. 658188 298. 003558 22. 525333 0 0 0 0 0 0 0 0 0 0 0 0 0. 225159 14757. 69951 4157. 142235 13. 591309 0 0 40. 095875 0. 259052
24. 265857 1. 006013 1211. 936574 233. 498791 1. 115329 1. 417943 0 201. 132826 0. 081728 0 0. 036161 24. 265857 700. 015049 4180. 75819 78. 531842 22. 441907 0 0 0 0 0 0 0 0 0 0 0 0 0. 225159 14757. 69951 4157. 142235 13. 591309 0 0 40. 095875 0. 259052
22. 950024 1. 002638 1216. 250033 231. 630031 1. 1088 1. 4118 0 204. 540485 0. 082304 0 0. 036161 22. 950024 700. 015049 4180. 788642 36. 131207 22. 403525 0 0 0 0 0 0 0 0 0 0 0 0 0. 225159 14757. 69951 4157. 142235 13. 591309 0 0 40. 095875 0. 259052
T P Densi t y ent hal py Ent r opy Cp Qual i t y Vi scosi t y Ther Cond Sur f  t ens Fl owr ef Tmeasur ed G Cpw Q Tw Densi t y( L) Densi t y( V) Ent h( L) Ent h( V) Ent r ( L) Ent r ( V) Cp( L) Cp( V) Vi sc( L) Vi sc( V) Ther cond( L) Ther cond( V) Fl oww hoAve hi Ave LMTDave ho hi Local Tsat  ave Ener gy bal 2002- 8- 7 15: 39
84. 976533 1. 080675 42. 118623 466. 50698 1. 847263 1. 050295 0 14. 467466 0. 018663 0 0. 031354 84. 976533 606. 96814 0 0 31. 095084 0 0 0 0 0 0 0 0 0 0 0 0 0. 212296 14133. 63272 3882. 100554 12. 743369 0 0 39. 336292 0. 2642
41. 203738 1. 049826 142. 17049 406. 496866 1. 668317 1. 184037 91. 712546 24. 900155 0. 020437 0. 005971 0. 031354 41. 277157 606. 96814 4179 1881. 576749 28. 974247 1142. 017393 51. 820957 258. 191316 419. 898254 1. 195965 1. 711 1. 505948 1. 154948 160. 912169 12. 609652 0. 074193 0. 015579 0. 212296 14133. 63272 3882. 100554 12. 743369 14379. 37342 5387. 767281 39. 336292 0. 2642
40. 354638 1. 026342 523. 566842 349. 295179 1. 486892 1. 300135 56. 796911 77. 423475 0. 041007 0. 006085 0. 031354 39. 954852 606. 96814 4179. 018271 1793. 520404 26. 952671 1145. 365845 50. 589759 256. 917084 419. 563419 1. 192268 1. 711 1. 500268 1. 147903 162. 692671 12. 562683 0. 074559 0. 015485 0. 212296 14133. 63272 3882. 100554 12. 743369 14379. 37342 3923. 670895 39. 336292 0. 2642
39. 673882 1. 007673 845. 713646 300. 876264 1. 332572 1. 398716 27. 536438 122. 407335 0. 058478 0. 006169 0. 031354 39. 130457 606. 96814 4179. 951364 1518. 14249 25. 241871 1148. 232747 49. 618973 255. 883626 419. 276719 1. 188767 1. 711 1. 496534 1. 141302 164. 162922 12. 525345 0. 074847 0. 015401 0. 212296 14133. 63272 3882. 100554 12. 743369 14086. 01884 2732. 317995 39. 336292 0. 2642
39. 358848 0. 99918 1104. 448132 262. 106755 1. 209103 1. 480361 4. 065124 158. 576134 0. 07256 0. 006204 0. 031354 36. 982704 606. 96814 4180 1215. 591875 23. 872033 1149. 163956 49. 177372 255. 450813 419. 183616 1. 187836 1. 711 1. 494836 1. 138754 164. 76558 12. 508361 0. 074983 0. 015367 0. 212296 14133. 63272 3882. 100554 12. 743369 13836. 83185 2036. 247068 39. 336292 0. 2642
30. 189527 0. 999654 1188. 24189 241. 984288 1. 143948 1. 443955 0 186. 243747 0. 079096 0 0. 031354 30. 189527 606. 96814 4180. 234627 605. 747117 23. 189461 0 0 0 0 0 0 0 0 0 0 0 0 0. 212296 14133. 63272 3882. 100554 12. 743369 0 0 39. 336292 0. 2642
25. 577169 0. 993846 1206. 639285 235. 408039 1. 121886 1. 42338 0 197. 73246 0. 081141 0 0. 031354 25. 577169 606. 96814 4180. 468996 226. 229407 22. 934554 0 0 0 0 0 0 0 0 0 0 0 0 0. 212296 14133. 63272 3882. 100554 12. 743369 0 0 39. 336292 0. 2642
24. 360522 0. 995199 1211. 461883 233. 640789 1. 115803 1. 418442 0 200. 843438 0. 081678 0 0. 031354 24. 360522 606. 96814 4180. 54083 28. 777766 22. 902128 0 0 0 0 0 0 0 0 0 0 0 0 0. 212296 14133. 63272 3882. 100554 12. 743369 0 0 39. 336292 0. 2642
23. 239179 0. 989928 1215. 234286 232. 034849 1. 110349 1. 413349 0 203. 737846 0. 082167 0 0. 031354 23. 239179 606. 96814 4180. 559449 37. 323204 22. 860075 0 0 0 0 0 0 0 0 0 0 0 0 0. 212296 14133. 63272 3882. 100554 12. 743369 0 0 39. 336292 0. 2642
T P Densi t y ent hal py Ent r opy Cp Qual i t y Vi scosi t y Ther Cond Sur f  t ens Fl owr ef Tmeasur ed G Cpw Q Tw Densi t y( L) Densi t y( V) Ent h( L) Ent h( V) Ent r ( L) Ent r ( V) Cp( L) Cp( V) Vi sc( L) Vi sc( V) Ther cond( L) Ther cond( V) Fl oww hoAve hi Ave LMTDave ho hi Local Tsat  ave Ener gy bal 2002- 8- 7 16: 05
88. 07618 1. 073571 41. 243799 469. 849783 1. 856871 1. 0493 0 14. 58719 0. 01889 0 0. 025854 88. 07618 500. 487872 0 0 31. 943931 0 0 0 0 0 0 0 0 0 0 0 0 0. 176527 12421. 06841 3388. 400048 12. 306391 0 0 39. 675155 0. 255512
41. 255939 1. 051276 131. 294653 408. 149147 1. 673382 1. 181063 92. 714848 23. 40808 0. 019854 0. 005965 0. 025854 41. 326363 500. 487872 4179 1595. 1987 29. 781552 1141. 744778 51. 897635 258. 276576 419. 925518 1. 196255 1. 710872 1. 506255 1. 15551 160. 797907 12. 612552 0. 074171 0. 015586 0. 176527 12421. 06841 3388. 400048 12. 306391 12639. 00236 4874. 673298 39. 675155 0. 255512
40. 683474 1. 035374 509. 87436 351. 576257 1. 493757 1. 298165 58. 017551 75. 29804 0. 040246 0. 006043 0. 025854 40. 324918 500. 487872 4179 1462. 626743 27. 79888 1143. 925146 51. 064836 257. 422466 419. 707482 1. 193537 1. 711 1. 502075 1. 150612 161. 970059 12. 580748 0. 074414 0. 015521 0. 176527 12421. 06841 3388. 400048 12. 306391 12639. 00236 3432. 23897 39. 675155 0. 255512
40. 184868 1. 021753 851. 34029 300. 459472 1. 331042 1. 404505 26. 881927 122. 600765 0. 058727 0. 006103 0. 025854 39. 611921 500. 487872 4179. 548365 1321. 565473 26. 007661 1145. 824681 50. 351164 256. 687666 419. 517533 1. 191351 1. 711 1. 499351 1. 146526 163. 059741 12. 553506 0. 074632 0. 015467 0. 176527 12421. 06841 3388. 400048 12. 306391 12387. 52743 2347. 884156 39. 675155 0. 255512
39. 931013 1. 01475 1121. 617167 260. 066337 1. 202029 1. 489742 2. 318259 160. 117531 0. 073364 0. 006136 0. 025854 37. 437417 500. 487872 4180 1044. 317851 24. 592369 1147. 049921 49. 987021 256. 285027 419. 395001 1. 18995 1. 711 1. 49795 1. 1439 163. 619967 12. 539501 0. 074739 0. 015434 0. 176527 12421. 06841 3388. 400048 12. 306391 12161. 78144 1754. 142129 39. 675155 0. 255512
30. 308232 1. 014988 1187. 767072 242. 162345 1. 144449 1. 444449 0 186. 020194 0. 079058 0 0. 025854 30. 308232 500. 487872 4180 501. 282217 23. 913016 0 0 0 0 0 0 0 0 0 0 0 0 0. 176527 12421. 06841 3388. 400048 12. 306391 0 0 39. 675155 0. 255512
26. 109693 1. 008325 1204. 561228 236. 15357 1. 12453 1. 425291 0 196. 448094 0. 080917 0 0. 025854 26. 109693 500. 487872 4180. 101127 170. 115347 23. 682476 0 0 0 0 0 0 0 0 0 0 0 0 0. 176527 12421. 06841 3388. 400048 12. 306391 0 0 39. 675155 0. 255512
24. 929003 1. 013801 1209. 283988 234. 493511 1. 118645 1. 42044 0 199. 439794 0. 081442 0 0. 025854 24. 929003 500. 487872 4180. 180543 64. 290135 23. 595352 0 0 0 0 0 0 0 0 0 0 0 0 0. 176527 12421. 06841 3388. 400048 12. 306391 0 0 39. 675155 0. 255512
23. 93468 1. 008697 1213. 207322 233. 008558 1. 113673 1. 416511 0 202. 004623 0. 081876 0 0. 025854 23. 93468 500. 487872 4180. 205466 9. 273262 23. 582785 0 0 0 0 0 0 0 0 0 0 0 0 0. 176527 12421. 06841 3388. 400048 12. 306391 0 0 39. 675155 0. 255512
R134a Smoot h G=403. 28 kg/ m2s Tsat =40. 91 ℃
T P Densi t y ent hal py Ent r opy Cp Qual i t y Vi scosi t y Ther Cond Sur f  t ens Fl owr ef Tmeasur ed G Cpw Q Tw Densi t y( L) Densi t y( V) Ent h( L) Ent h( V) Ent r ( L) Ent r ( V) Cp( L) Cp( V) Vi sc( L) Vi sc( V) Ther cond( L) Ther cond( V) Fl oww hoAve hi Ave LMTDave ho hi Local Tsat  ave Ener gy bal 2002- 8- 7 16: 29
91. 343398 1. 094776 41. 596301 473. 009681 1. 864553 1. 052269 0 14. 721646 0. 019154 0 0. 020833 91. 343398 403. 283439 0 0 34. 000958 0 0 0 0 0 0 0 0 0 0 0 0 0. 112461 8984. 973454 2779. 864259 12. 484293 0 0 40. 914592 0. 038054
42. 263945 1. 079827 86. 202181 415. 536728 1. 694592 1. 175452 96. 973022 17. 087352 0. 017466 0. 005841 0. 020833 42. 31523 403. 283439 4179 1197. 306907 31. 453352 1137. 034605 53. 40083 259. 791337 420. 398264 1. 200965 1. 71 1. 511965 1. 164948 158. 613848 12. 669654 0. 073743 0. 015709 0. 112461 8984. 973454 2779. 864259 12. 484293 9185. 134716 4358. 286872 40. 914592 0. 038054
41. 885558 1. 069016 441. 216694 362. 705363 1. 52726 1. 286165 64. 24572 65. 142767 0. 036489 0. 005885 0. 020833 41. 413435 403. 283439 4179 1100. 610892 29. 111494 1139. 098401 52. 828832 259. 250787 420. 280309 1. 198902 1. 71 1. 509803 1. 161705 159. 468876 12. 648032 0. 073905 0. 015666 0. 112461 8984. 973454 2779. 864259 12. 484293 9185. 134716 2891. 396589 40. 914592 0. 038054
41. 622686 1. 061505 783. 386398 311. 736032 1. 365939 1. 393945 32. 78089 111. 68818 0. 054879 0. 005922 0. 020833 40. 915863 403. 283439 4179. 009081 1061. 82004 26. 85218 1139. 849467 52. 438278 258. 875254 420. 13011 1. 19815 1. 71 1. 508301 1. 159452 159. 994631 12. 633011 0. 074017 0. 015636 0. 112461 8984. 973454 2779. 864259 12. 484293 8972. 110093 1877. 147013 40. 914592 0. 038054
41. 372683 1. 054519 1090. 669422 265. 9502 1. 220688 1. 490693 4. 630445 153. 689152 0. 071412 0. 005952 0. 020833 39. 013838 403. 283439 4180 953. 834626 24. 823115 1141. 096201 52. 069508 258. 471141 419. 990379 1. 196904 1. 710548 1. 506904 1. 156808 160. 53848 12. 619038 0. 074122 0. 015603 0. 112461 8984. 973454 2779. 864259 12. 484293 8767. 489175 1332. 096846 40. 914592 0. 038054
31. 217313 1. 054969 1184. 230137 243. 504237 1. 148087 1. 448087 0 183. 998328 0. 078689 0 0. 020833 31. 217313 403. 283439 4180 498. 774138 23. 762087 0 0 0 0 0 0 0 0 0 0 0 0 0. 112461 8984. 973454 2779. 864259 12. 484293 0 0 40. 914592 0. 038054
26. 284203 1. 054142 1203. 886729 236. 397883 1. 125137 1. 425397 0 196. 177636 0. 080878 0 0. 020833 26. 284203 403. 283439 4180. 205896 163. 484838 23. 414328 0 0 0 0 0 0 0 0 0 0 0 0 0. 112461 8984. 973454 2779. 864259 12. 484293 0 0 40. 914592 0. 038054
24. 848403 1. 051784 1209. 606388 234. 372611 1. 118242 1. 419388 0 199. 801285 0. 081508 0 0. 020833 24. 848403 403. 283439 4180. 313954 39. 71185 23. 329856 0 0 0 0 0 0 0 0 0 0 0 0 0. 112461 8984. 973454 2779. 864259 12. 484293 0 0 40. 914592 0. 038054
23. 688017 1. 050826 1214. 247931 232. 663227 1. 11244 1. 414736 0 202. 814463 0. 082018 0 0. 020833 23. 688017 403. 283439 4180. 3456 19. 798194 23. 287744 0 0 0 0 0 0 0 0 0 0 0 0 0. 112461 8984. 973454 2779. 864259 12. 484293 0 0 40. 914592 0. 038054
T P Densi t y ent hal py Ent r opy Cp Qual i t y Vi scosi t y Ther Cond Sur f  t ens Fl owr ef Tmeasur ed G Cpw Q Tw Densi t y( L) Densi t y( V) Ent h( L) Ent h( V) Ent r ( L) Ent r ( V) Cp( L) Cp( V) Vi sc( L) Vi sc( V) Ther cond( L) Ther cond( V) Fl oww hoAve hi Ave LMTDave ho hi Local Tsat  ave Ener gy bal 2002- 8- 7 17: 21
97. 518725 1. 041074 38. 325386 480. 125832 1. 887449 1. 047022 0 14. 947179 0. 019586 0 0. 015377 97. 518725 297. 671925 0 0 38. 22585 0 0 0 0 0 0 0 0 0 0 0 0 0. 059305 5640. 365374 1970. 101594 9. 242114 0 0 39. 069238 0. 076784
44. 663806 1. 030831 49. 36785 424. 331173 1. 725675 1. 118511 0 12. 756811 0. 015754 0 0. 015377 44. 663806 297. 671925 4179 764. 725859 35. 140235 0 0 0 0 0 0 0 0 0 0 0 0 0. 059305 5640. 365374 1970. 101594 9. 242114 0 0 39. 069238 0. 076784
40. 306867 1. 02505 159. 799456 403. 313458 1. 659205 1. 182694 90. 020128 27. 553447 0. 021378 0. 00609 0. 015377 39. 965595 297. 671925 4179 416. 412176 33. 460041 1145. 494954 50. 522623 256. 852529 419. 550508 1. 19201 1. 711 1. 50001 1. 147515 162. 795958 12. 560101 0. 074579 0. 01548 0. 059305 5640. 365374 1970. 101594 9. 242114 5827. 600629 3341. 98511 39. 069238 0. 076784
40. 04915 1. 018032 353. 125168 374. 418094 1. 567178 1. 24288 72. 362929 54. 225911 0. 031822 0. 00612 0. 015377 39. 853438 297. 671925 4179 444. 321818 31. 667234 1146. 393606 50. 157661 256. 481923 419. 460637 1. 190606 1. 711 1. 498606 1. 145213 163. 35744 12. 546064 0. 07469 0. 01545 0. 059305 5640. 365374 1970. 101594 9. 242114 5827. 600629 2205. 077237 39. 069238 0. 076784
39. 760729 1. 01002 583. 103605 339. 994883 1. 457495 1. 31441 51. 435449 86. 089956 0. 044257 0. 00616 0. 015377 39. 085111 297. 671925 4179 529. 323092 29. 531452 1147. 995938 49. 741058 256. 001219 419. 300394 1. 189004 1. 711 1. 497004 1. 142008 163. 998375 12. 53004 0. 07481 0. 01541 0. 059305 5640. 365374 1970. 101594 9. 242114 5721. 424915 1657. 708181 39. 069238 0. 076784
39. 636002 1. 006649 831. 665326 302. 934793 1. 339204 1. 393921 28. 820406 120. 510777 0. 057725 0. 006173 0. 015377 38. 613815 297. 671925 4179 569. 870189 27. 232066 1148. 335125 49. 565737 255. 832438 419. 266483 1. 188665 1. 711 1. 49633 1. 140995 164. 234586 12. 523297 0. 074864 0. 015397 0. 059305 5640. 365374 1970. 101594 9. 242114 5597. 640185 1225. 505982 39. 069238 0. 076784
39. 487164 1. 002626 1084. 839654 265. 1397 1. 218645 1. 474849 5. 812157 155. 68164 0. 071467 0. 006189 0. 015377 37. 828233 297. 671925 4179. 970078 581. 172272 24. 88762 1148. 737391 49. 356558 255. 631304 419. 226267 1. 188263 1. 711 1. 495525 1. 139788 164. 516172 12. 515252 0. 074928 0. 015381 0. 059305 5640. 365374 1970. 101594 9. 242114 5465. 338699 957. 283801 39. 069238 0. 076784
30. 38804 1. 00207 1187. 447839 242. 282057 1. 144924 1. 444924 0 185. 776983 0. 079011 0 0. 015377 30. 38804 297. 671925 4180 345. 593688 23. 493508 0 0 0 0 0 0 0 0 0 0 0 0 0. 059305 5640. 365374 1970. 101594 9. 242114 0 0 39. 069238 0. 076784
25. 917413 0. 999799 1205. 330015 235. 884379 1. 123587 1. 424673 0 196. 905659 0. 080996 0 0. 015377 25. 917413 297. 671925 4180. 368405 114. 199015 23. 032874 0 0 0 0 0 0 0 0 0 0 0 0 0. 059305 5640. 365374 1970. 101594 9. 242114 0 0 39. 069238 0. 076784
 R134a Smoot h  G=297. 67 kg/ m2s  Tsat =39. 07 ℃
 R134a Smoot h  G=800. 65 kg/ m2s  Tsat =40. 03 ℃
 R134a Smoot h  G=606. 97 kg/ m2s  Tsat =39. 34 ℃
 R134a Smoot h  G=500. 49 kg/ m2s  Tsat =39. 68 ℃
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Experimental data for condensing R407C in smooth tubes  
 
G = 300 kg/m2s
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
110.6706 1.642486 49.91841 501.2128 1.947613 1.071249 0 16.66231 0.019821 0 0.016855 110.6706 326.2888 0 0 32.70343 0 0 0 0 0 0 0 0 0 0 0 0 0.138999 10495.21 2301.972 10.60218 0 0 38.95202 0.190342
42.15511 1.638437 123.2636 416.0977 1.700159 1.338602 95.01236 19.57584 0.019367 0.005215 0.016855 42.10596 326.2888 4179 1434.631 30.23365 1080.156 73.03187 256.0375 424.5 1.188844 1.727 1.625687 1.323531 129.6625 13.79688 0.08118 0.016122 0.138999 10495.21 2301.972 10.60218 10634.02 3027.327 38.95202 0.190342
40.40497 1.63611 467.308 358.5161 1.516239 1.441208 60.85332 59.18804 0.041595 0.005222 0.016855 40.23939 326.2888 4179 970.5495 28.56281 1080.389 72.91551 255.9444 424.5 1.188611 1.727 1.625222 1.322833 129.7556 13.79222 0.081211 0.016111 0.138999 10495.21 2301.972 10.60218 10634.02 2438.276 38.95202 0.190342
38.89447 1.633485 761.4609 309.254 1.358939 1.528848 31.6699 93.1002 0.060613 0.00523 0.016855 38.30775 326.2888 4179.076 830.3211 27.1334 1080.652 72.78425 255.8394 424.5 1.188348 1.727 1.624697 1.322045 129.8606 13.78697 0.081245 0.016097 0.138999 10495.21 2301.972 10.60218 10458.17 1939.938 38.95202 0.190342
37.9417 1.632647 951.0447 277.5104 1.25758 1.585579 12.86622 114.9553 0.072872 0.005232 0.016855 35.15499 326.2888 4179.664 535.0448 26.21245 1080.735 72.74236 255.8059 424.5 1.188265 1.727 1.624529 1.321794 129.8941 13.78529 0.081256 0.016093 0.138999 10495.21 2301.972 10.60218 10311.34 1740.227 38.95202 0.190342
31.13802 1.63613 1112.31 245.9447 1.155728 1.56542 0 141.9685 0.084815 0 0.016855 31.13802 326.2888 4180 387.6156 25.54531 0 0 0 0 0 0 0 0 0 0 0 0 0.138999 10495.21 2301.972 10.60218 0 0 38.95202 0.190342
27.66398 1.637365 1128.68 240.5709 1.13832 1.538068 0 148.93 0.086766 0 0.016855 27.66398 326.2888 4180 109.9626 25.35605 0 0 0 0 0 0 0 0 0 0 0 0 0.138999 10495.21 2301.972 10.60218 0 0 38.95202 0.190342
26.00697 1.634968 1136.667 238.0107 1.130035 1.526349 0 152.3254 0.087681 0 0.016855 26.00697 326.2888 4180 86.28596 25.20754 0 0 0 0 0 0 0 0 0 0 0 0 0.138999 10495.21 2301.972 10.60218 0 0 38.95202 0.190342
25.64043 1.630312 1138.186 237.4606 1.128202 1.523877 0 153.0545 0.087878 0 0.016855 25.64043 326.2888 4180 87.63886 25.0567 0 0 0 0 0 0 0 0 0 0 0 0 0.138999 10495.21 2301.972 10.60218 0 0 38.95202 0.190342
G = 400 kg/m2s
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
107.7608 1.68542 52.00094 497.6827 1.936227 1.075003 0 16.5646 0.019663 0 0.021011 107.7608 406.747 0 0 32.85356 0 0 0 0 0 0 0 0 0 0 0 0 0.167374 12061.71 2682.515 11.29943 0 0 39.73602 0.189749
43.05589 1.678021 131.6517 415.2385 1.695877 1.354228 94.33981 20.32506 0.019933 0.005086 0.021011 42.95425 406.747 4179 1732.272 30.37697 1075.396 75.02906 257.5406 424.7 1.193802 1.726 1.634604 1.337406 127.9792 13.86604 0.080656 0.01629 0.167374 12061.71 2682.515 11.29943 12225.7 3507.286 39.73602 0.189749
41.26156 1.673833 476.6277 357.578 1.512291 1.455567 59.87567 59.71537 0.042126 0.005099 0.021011 40.94957 406.747 4179 1211.53 28.64486 1076.233 74.81547 257.415 424.7 1.193383 1.726 1.633767 1.33615 128.1467 13.85767 0.08071 0.016269 0.167374 12061.71 2682.515 11.29943 12225.7 2851.687 39.73602 0.189749
39.71995 1.669203 768.0674 308.8752 1.357183 1.54088 30.82419 93.04328 0.060882 0.005112 0.021011 39.05871 406.747 4179.043 1023.317 27.18186 1077.08 74.58015 257.2681 424.692 1.192841 1.726 1.632761 1.334681 128.3319 13.84841 0.080771 0.016247 0.167374 12061.71 2682.515 11.29943 12016.45 2256.837 39.73602 0.189749
38.81985 1.669984 954.9599 277.6806 1.257891 1.596713 12.17516 114.3661 0.072906 0.00511 0.021011 35.98154 406.747 4179.643 655.4422 26.24493 1077.002 74.61923 257.2994 424.6999 1.192997 1.726 1.632995 1.334994 128.3006 13.84997 0.08076 0.01625 0.167374 12061.71 2682.515 11.29943 11843.07 1986.629 39.73602 0.189749
31.91391 1.672771 1108.886 247.1623 1.15957 1.570856 0 140.5633 0.084416 0 0.021011 31.91391 406.747 4180 477.7951 25.562 0 0 0 0 0 0 0 0 0 0 0 0 0.167374 12061.71 2682.515 11.29943 0 0 39.73602 0.189749
28.0916 1.674056 1127.071 241.2374 1.140458 1.540252 0 148.213 0.086563 0 0.021011 28.0916 406.747 4180 161.6829 25.3309 0 0 0 0 0 0 0 0 0 0 0 0 0.167374 12061.71 2682.515 11.29943 0 0 39.73602 0.189749
26.18422 1.671393 1136.079 238.2763 1.130921 1.526862 0 152.0987 0.08762 0 0.021011 26.18422 406.747 4180 128.4556 25.14729 0 0 0 0 0 0 0 0 0 0 0 0 0.167374 12061.71 2682.515 11.29943 0 0 39.73602 0.189749
25.67651 1.665732 1138.396 237.5148 1.128281 1.523421 0 153.1099 0.087894 0 0.021011 25.67651 406.747 4180 115.4672 24.98225 0 0 0 0 0 0 0 0 0 0 0 0 0.167374 12061.71 2682.515 11.29943 0 0 39.73602 0.189749
G = 500 kg/m2s
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
104.8524 1.683248 52.54225 494.5485 1.927897 1.075325 0 16.45405 0.019467 0 0.025724 104.8524 497.9749 0 0 32.82474 0 0 0 0 0 0 0 0 0 0 0 0 0.190075 13232.86 3140.979 11.78541 0 0 40.01632 0.667683
42.95032 1.67212 125.2371 416.2636 1.699139 1.350649 94.95842 19.61985 0.019511 0.005104 0.025724 43.08897 497.9749 4179 2013.804 30.28949 1076.576 74.72812 257.3636 424.7 1.193212 1.726 1.633424 1.335636 128.2152 13.85424 0.080732 0.016261 0.190075 13232.86 3140.979 11.78541 13424.91 4179.997 40.01632 0.667683
41.06217 1.662849 463.7208 359.5742 1.518578 1.448076 61.18817 58.37241 0.041309 0.005131 0.025724 41.16181 497.9749 4179 1458.28 28.45361 1077.715 74.26243 257.0139 424.6285 1.19157 1.726 1.630855 1.332139 128.5861 13.8357 0.08086 0.016221 0.190075 13232.86 3140.979 11.78541 13424.91 3350.908 40.01632 0.667683
39.51011 1.65675 749.5571 311.7072 1.366014 1.531369 32.73383 91.20691 0.059749 0.005153 0.025724 39.22105 497.9749 4179.161 1231.334 26.90351 1078.325 73.95748 256.77 424.6 1.190675 1.726325 1.62935 1.330025 128.8625 13.82675 0.080942 0.016197 0.190075 13232.86 3140.979 11.78541 13180.8 2660.858 40.01632 0.667683
38.50318 1.652611 934.4063 280.7313 1.267308 1.585475 14.36162 112.5181 0.071687 0.00517 0.025724 36.59345 497.9749 4179.799 796.824 25.90055 1078.739 73.75054 256.6044 424.6 1.190261 1.726739 1.628522 1.328783 129.0695 13.82261 0.080996 0.01618 0.190075 13232.86 3140.979 11.78541 12977.75 2228.494 40.01632 0.667683
32.96121 1.656353 1103.321 248.8379 1.165645 1.580524 0 138.4869 0.0838 0 0.025724 32.96121 497.9749 4180 617.6429 25.12316 0 0 0 0 0 0 0 0 0 0 0 0 0.190075 13232.86 3140.979 11.78541 0 0 40.01632 0.667683
28.58017 1.657872 1124.745 241.9703 1.142901 1.544484 0 147.1711 0.086274 0 0.025724 28.58017 497.9749 4180 264.7489 24.78994 0 0 0 0 0 0 0 0 0 0 0 0 0.190075 13232.86 3140.979 11.78541 0 0 40.01632 0.667683
26.09283 1.654834 1136.536 238.1392 1.130464 1.526553 0 152.2244 0.087654 0 0.025724 26.09283 497.9749 4180 160.1687 24.58835 0 0 0 0 0 0 0 0 0 0 0 0 0.190075 13232.86 3140.979 11.78541 0 0 40.01632 0.667683
25.30087 1.649628 1139.794 236.9513 1.126504 1.521114 0 153.7973 0.088084 0 0.025724 25.30087 497.9749 4180 153.9606 24.39457 0 0 0 0 0 0 0 0 0 0 0 0 0.190075 13232.86 3140.979 11.78541 0 0 40.01632 0.667683
G = 600 kg/m2s
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
101.0482 1.687634 53.54644 490.4014 1.917086 1.076763 0 16.30451 0.019221 0 0.031212 101.0482 604.2136 0 0 33.30508 0 0 0 0 0 0 0 0 0 0 0 0 0.215476 14543.68 3614.305 10.54492 0 0 39.03284 0.05684
42.99349 1.668293 98.02325 420.7601 1.713505 1.341302 97.65731 16.52947 0.017755 0.005115 0.031212 43.02819 604.2136 4179 2173.649 30.89118 1077.171 74.53464 257.2317 424.6829 1.192658 1.726 1.632488 1.334317 128.3683 13.84659 0.080784 0.016243 0.215476 14543.68 3614.305 10.54492 14828.07 4935.994 39.03284 0.05684
41.17853 1.654819 401.4148 369.8563 1.551751 1.427099 67.39645 51.36266 0.037309 0.005161 0.031212 41.04146 604.2136 4179 1588.811 29.12676 1078.518 73.86095 256.6928 424.6 1.190482 1.726518 1.628964 1.329446 128.959 13.82482 0.080967 0.016189 0.215476 14543.68 3614.305 10.54492 14828.07 4074.447 39.03284 0.05684
39.64255 1.645523 668.3569 325.0642 1.409162 1.504154 40.86162 82.15612 0.054554 0.005193 0.031212 39.28291 604.2136 4179 1398.053 27.57419 1079.448 73.39166 256.3209 424.5552 1.189552 1.727 1.627105 1.326209 129.3791 13.81105 0.081088 0.016152 0.215476 14543.68 3614.305 10.54492 14569.62 3254.638 39.03284 0.05684
38.66081 1.641792 849.1854 294.743 1.312404 1.557247 22.91188 103.0136 0.066244 0.005205 0.031212 37.1421 604.2136 4179.476 946.387 26.52332 1079.821 73.20138 256.1717 424.5179 1.189179 1.727 1.626358 1.324717 129.5283 13.80358 0.081137 0.016137 0.215476 14543.68 3614.305 10.54492 14345.43 2700.531 39.03284 0.05684
37.91815 1.641677 999.3933 269.6197 1.232145 1.60223 7.990863 120.2851 0.075944 0.005205 0.031212 34.66954 604.2136 4179.956 784.1481 25.6527 1079.832 73.19555 256.1671 424.5168 1.189168 1.727 1.626336 1.324671 129.5329 13.80336 0.081138 0.016137 0.215476 14543.68 3614.305 10.54492 14190.24 2182.006 39.03284 0.05684
30.76982 1.643193 1114.151 245.3652 1.153849 1.562295 0 142.7331 0.085031 0 0.031212 30.76982 604.2136 4180 432.7712 25.17221 0 0 0 0 0 0 0 0 0 0 0 0 0.215476 14543.68 3614.305 10.54492 0 0 39.03284 0.05684
27.34231 1.639519 1130.288 240.0615 1.136712 1.535678 0 149.5873 0.086948 0 0.031212 27.34231 604.2136 4180 284.3987 24.85645 0 0 0 0 0 0 0 0 0 0 0 0 0.215476 14543.68 3614.305 10.54492 0 0 39.03284 0.05684
26.01051 1.633092 1136.613 238.0161 1.130053 1.526412 0 152.3107 0.087677 0 0.031212 26.01051 604.2136 4180 216.5621 24.61601 0 0 0 0 0 0 0 0 0 0 0 0 0.215476 14543.68 3614.305 10.54492 0 0 39.03284 0.05684
G = 700 kg/m2s
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
99.24097 1.710294 54.80064 488.2415 1.909899 1.080186 0 16.24376 0.019127 0 0.036518 99.24097 706.9333 0 0 33.00603 0 0 0 0 0 0 0 0 0 0 0 0 0.268835 17100.01 3985.86 9.514822 0 0 37.88674 0.130233
43.33511 1.685516 110.3271 418.9209 1.707426 1.350567 96.50505 17.85822 0.018567 0.005063 0.036518 43.348 706.9333 4179 2531.47 30.75275 1074.448 75.41131 257.8206 424.7552 1.194552 1.726 1.636655 1.340206 127.6794 13.88103 0.080558 0.016322 0.268835 17100.01 3985.86 9.514822 17458.34 5414.086 37.88674 0.130233
41.48269 1.669588 411.583 368.4181 1.546798 1.435026 66.38373 52.32882 0.037937 0.005111 0.036518 41.19504 706.9333 4179 1844.274 29.11115 1077.041 74.5994 257.2835 424.6959 1.192918 1.726 1.632876 1.334835 128.3165 13.84918 0.080766 0.016248 0.268835 17100.01 3985.86 9.514822 17458.34 4600.508 37.88674 0.130233
39.8297 1.655013 676.364 323.9077 1.405051 1.509119 40.02821 82.86713 0.055037 0.00516 0.036518 39.38778 706.9333 4179 1625.442 27.66433 1078.499 73.87066 256.7005 424.6 1.190501 1.726499 1.629003 1.329504 128.9493 13.82501 0.080965 0.01619 0.268835 17100.01 3985.86 9.514822 17174.09 3726.263 37.88674 0.130233
38.86393 1.650099 849.1648 294.9305 1.312763 1.559443 22.85988 102.8205 0.066202 0.00518 0.036518 37.29131 706.9333 4179.403 1058.196 26.72252 1078.99 73.62497 256.504 424.6 1.19001 1.72699 1.62802 1.32803 129.195 13.8201 0.081029 0.01617 0.268835 17100.01 3985.86 9.514822 16926.54 3102.831 37.88674 0.130233
38.14727 1.649876 993.6353 270.7702 1.23559 1.602498 8.491859 119.4066 0.075524 0.00518 0.036518 34.89723 706.9333 4179.835 882.2934 25.93734 1079.012 73.6137 256.4951 424.5988 1.189988 1.727 1.627975 1.32795 129.2049 13.81975 0.081032 0.01617 0.268835 17100.01 3985.86 9.514822 16761.95 2499.03 37.88674 0.130233
37.80716 1.651837 1072.099 257.6965 1.19377 1.626364 0.66836 128.3376 0.080573 0.005173 0.036518 31.20105 706.9333 4180 477.4283 25.51248 1078.816 73.71185 256.5735 424.6 1.190184 1.726816 1.628367 1.328551 129.1082 13.82184 0.081006 0.016177 0.268835 17100.01 3985.86 9.514822 16626.73 2228.237 37.88674 0.130233
27.80544 1.648173 1127.973 240.7894 1.139027 1.538704 0 148.6825 0.086697 0 0.036518 27.80544 706.9333 4180 334.4814 25.21483 0 0 0 0 0 0 0 0 0 0 0 0 0.268835 17100.01 3985.86 9.514822 0 0 37.88674 0.130233
26.40668 1.640251 1134.851 238.6179 1.132033 1.529042 0 151.5149 0.087467 0 0.036518 26.40668 706.9333 4180 262.8486 24.98092 0 0 0 0 0 0 0 0 0 0 0 0 0.268835 17100.01 3985.86 9.514822 0 0 37.88674 0.130233
G = 800 kg/m2s
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
97.15273 1.725039 55.86406 485.7675 1.902455 1.082928 0 16.16613 0.01901 0 0.041952 97.15273 812.1306 0 0 32.36288 0 0 0 0 0 0 0 0 0 0 0 0 0.30779 18828.49 4490.219 11.31376 0 0 39.13109 0.06858
43.40356 1.692156 127.817 416.1026 1.698105 1.358282 94.78304 19.8134 0.019694 0.005041 0.041952 43.50642 812.1306 4179 2922.615 30.09069 1073.784 75.74997 258.0863 424.8 1.195216 1.725784 1.638431 1.342863 127.3922 13.89216 0.080474 0.016349 0.30779 18828.49 4490.219 11.31376 19178.12 5918.326 39.13109 0.06858
41.38889 1.671326 438.9389 363.8634 1.532299 1.443675 63.64929 55.4358 0.039698 0.005106 0.041952 41.2356 812.1306 4179 2191.565 28.38686 1076.735 74.68763 257.3398 424.7 1.193133 1.726 1.633265 1.335398 128.247 13.85265 0.080743 0.016257 0.30779 18828.49 4490.219 11.31376 19178.12 5031.481 39.13109 0.06858
39.65908 1.653338 703.0633 319.4159 1.390804 1.516659 37.37791 85.97009 0.056765 0.005167 0.041952 39.30782 812.1306 4179.169 1864.681 26.93722 1078.666 73.78691 256.6335 424.6 1.190334 1.726666 1.628668 1.329001 129.0331 13.82334 0.080987 0.016183 0.30779 18828.49 4490.219 11.31376 18851.55 4103.87 39.13109 0.06858
38.64224 1.646942 878.5277 289.9508 1.296947 1.567383 19.9612 106.2655 0.068113 0.005189 0.041952 37.08076 812.1306 4179.772 1236.134 25.97637 1079.306 73.46404 256.3777 424.5694 1.189694 1.727 1.627388 1.326777 129.3223 13.81388 0.08107 0.016158 0.30779 18828.49 4490.219 11.31376 18574.85 3421.08 39.13109 0.06858
37.91322 1.646095 1022.359 265.8806 1.220076 1.610167 5.669317 122.8057 0.0774 0.005192 0.041952 34.52484 812.1306 4180 1009.805 25.19148 1079.391 73.42083 256.3438 424.561 1.18961 1.727 1.627219 1.326438 129.3562 13.81219 0.081081 0.016154 0.30779 18828.49 4490.219 11.31376 18388.44 2759.172 39.13109 0.06858
30.61579 1.64814 1114.921 245.126 1.153079 1.560964 0 143.061 0.085123 0 0.041952 30.61579 812.1306 4180 529.2537 24.78011 0 0 0 0 0 0 0 0 0 0 0 0 0.30779 18828.49 4490.219 11.31376 0 0 39.13109 0.06858
27.19922 1.64314 1131.004 239.8297 1.135996 1.534559 0 149.8851 0.087032 0 0.041952 27.19922 812.1306 4180 385.6866 24.48033 0 0 0 0 0 0 0 0 0 0 0 0 0.30779 18828.49 4490.219 11.31376 0 0 39.13109 0.06858
25.7487 1.634882 1137.779 237.6231 1.128744 1.524543 0 152.8497 0.087823 0 0.041952 25.7487 812.1306 4180 299.6051 24.24746 0 0 0 0 0 0 0 0 0 0 0 0 0.30779 18828.49 4490.219 11.31376 0 0 39.13109 0.06858  
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D.4 Experimental data for micro-fin tubes  
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Experimental data for condensing R22 in micro-fin tubes with a helix angle of 10º 
 
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
104.5282 1.750101 54.86748 470.5743 1.846048 0.851545 0 16.43645 0.016517 0 0.05155 104.5282 795.927 0 0 32.21547 0 0 0 0 0 0 0 0 0 0 0 0 0.4211 24212.83 6454.555 11.61811 0 0 39.90231 1.448174
44.68002 1.716251 157.6206 403.9949 1.651743 1.071205 91.98189 23.26084 0.018544 0.005421 0.05155 43.61319 795.927 4179 3432.187 30.26512 1107.375 74.83004 255.95 416.9 1.185625 1.692375 1.37325 1.044875 131.65 13.8125 0.074741 0.013645 0.4211 24212.83 6454.555 11.61811 24608.88 10328.8 39.90231 1.448174
43.87276 1.683711 427.7901 361.4866 1.519013 1.149037 65.84573 54.46731 0.034563 0.005529 0.05155 42.24947 795.927 4179 2191.308 29.0199 1111.258 73.2744 254.8484 416.8 1.182371 1.693629 1.366742 1.036113 132.9516 13.75742 0.075109 0.013531 0.4211 24212.83 6454.555 11.61811 24608.88 8275.44 39.90231 1.448174
43.05716 1.651087 740.0307 312.2945 1.364454 1.240234 35.93475 91.00289 0.053176 0.005637 0.05155 40.82241 795.927 4179 2535.862 27.57889 1114.891 71.72107 253.7326 416.7 1.179109 1.694891 1.360217 1.026326 134.3565 13.71109 0.075478 0.013414 0.4211 24212.83 6454.555 11.61811 24307.01 6340.279 39.90231 1.448174
42.43192 1.626612 901.0877 286.7171 1.283813 1.286839 20.65873 110.2003 0.06287 0.005714 0.05155 38.32103 795.927 4179.398 1318.524 26.82971 1117.339 70.56078 252.8984 416.6 1.176661 1.695339 1.356322 1.019984 135.3355 13.66661 0.075767 0.013336 0.4211 24212.83 6454.555 11.61811 23928.71 5445.913 39.90231 1.448174
42.37661 1.624485 1071.388 260.0546 1.199335 1.341059 4.408771 130.0527 0.073037 0.005722 0.05155 34.50543 795.927 4179.78 1374.455 26.04881 1117.551 70.4608 252.8346 416.6 1.176449 1.695552 1.355897 1.019346 135.4206 13.66449 0.075791 0.013328 0.4211 24212.83 6454.555 11.61811 23743 5047.634 39.90231 1.448174
29.51007 1.617781 1175.96 235.9631 1.12204 1.271195 0 158.9664 0.082008 0 0.05155 29.51007 795.927 4180 719.3635 25.64013 0 0 0 0 0 0 0 0 0 0 0 0 0.4211 24212.83 6454.555 11.61811 0 0 39.90231 1.448174
26.81832 1.617488 1186.727 232.5638 1.110273 1.257742 0 164.0802 0.083269 0 0.05155 26.81832 795.927 4180 188.0059 25.53332 0 0 0 0 0 0 0 0 0 0 0 0 0.4211 24212.83 6454.555 11.61811 0 0 39.90231 1.448174
26.29039 1.609357 1188.838 231.8775 1.108162 1.255265 0 165.067 0.083511 0 0.05155 26.29039 795.927 4180 222.329 25.40701 0 0 0 0 0 0 0 0 0 0 0 0 0.4211 24212.83 6454.555 11.61811 0 0 39.90231 1.448174
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
107.0607 1.72105 53.28215 472.9837 1.853463 0.847887 0 16.53085 0.016661 0 0.04537 107.0607 700.5102 0 0 32.48528 0 0 0 0 0 0 0 0 0 0 0 0 0.388872 22911.96 6141.841 10.86261 0 0 39.56013 1.368291
44.12431 1.693772 146.3568 405.5092 1.65728 1.061885 92.99085 22.10242 0.017871 0.005495 0.04537 43.07251 700.5102 4179 3061.338 30.60149 1109.623 73.75108 255.2132 416.8377 1.183377 1.693 1.368754 1.038754 132.5491 13.77755 0.074995 0.013565 0.388872 22911.96 6141.841 10.86261 23270.71 9917.776 39.56013 1.368291
43.449 1.66676 419.6248 362.5695 1.52279 1.141869 66.64676 53.73355 0.034092 0.005583 0.04537 41.88058 700.5102 4179 1948.187 29.40268 1113.324 72.46449 254.2704 416.7676 1.180676 1.694 1.363352 1.031028 133.662 13.73352 0.075299 0.01347 0.388872 22911.96 6141.841 10.86261 23270.71 7826.187 39.56013 1.368291
42.73177 1.638471 739.2255 312.2551 1.364376 1.237268 36.06841 91.15555 0.053175 0.005675 0.04537 40.59078 700.5102 4179 2282.781 27.99797 1116.153 71.11813 253.3388 416.6847 1.177847 1.695 1.357847 1.023541 134.8612 13.68694 0.075628 0.013375 0.388872 22911.96 6141.841 10.86261 22996.64 5918.193 39.56013 1.368291
42.23639 1.619056 903.224 286.2895 1.282588 1.285666 20.51222 110.617 0.063022 0.005743 0.04537 38.02621 700.5102 4179.182 1178.067 27.27308 1118.189 70.20467 252.6622 416.6 1.175906 1.696 1.354811 1.017717 135.6378 13.65811 0.075851 0.013307 0.388872 22911.96 6141.841 10.86261 22651.42 5158.474 39.56013 1.368291
42.17289 1.616516 1070.689 260.0708 1.199474 1.338858 4.578259 130.15 0.073017 0.00575 0.04537 34.23059 700.5102 4179.546 1189.552 26.54119 1118.697 70.08275 252.5606 416.6 1.175652 1.696 1.354303 1.016955 135.7394 13.65303 0.075882 0.0133 0.388872 22911.96 6141.841 10.86261 22481.39 4902.397 39.56013 1.368291
29.52074 1.615607 1175.917 235.977 1.122083 1.271292 0 158.9418 0.082001 0 0.04537 29.52074 700.5102 4179.826 629.6798 26.15379 0 0 0 0 0 0 0 0 0 0 0 0 0.388872 22911.96 6141.841 10.86261 0 0 39.56013 1.368291
27.10968 1.611763 1185.561 232.9426 1.111523 1.259313 0 163.5067 0.083128 0 0.04537 27.10968 700.5102 4179.948 161.9733 26.05414 0 0 0 0 0 0 0 0 0 0 0 0 0.388872 22911.96 6141.841 10.86261 0 0 39.56013 1.368291
26.71842 1.60606 1187.126 232.4339 1.109874 1.257471 0 164.2471 0.083307 0 0.04537 26.71842 700.5102 4179.999 169.3797 25.94994 0 0 0 0 0 0 0 0 0 0 0 0 0.388872 22911.96 6141.841 10.86261 0 0 39.56013 1.368291
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
109.7079 1.674048 51.09049 475.6966 1.86334 0.843148 0 16.62502 0.016804 0 0.038417 109.7079 593.1506 0 0 31.54881 0 0 0 0 0 0 0 0 0 0 0 0 0.376355 22276.03 5628.261 11.51535 0 0 39.77047 1.031841
43.128 1.65392 168.7711 401.5612 1.646722 1.058183 90.70568 24.91629 0.01919 0.005628 0.038417 42.16212 593.1506 4179 2848.053 29.73797 1114.608 71.85424 253.8176 416.7 1.179392 1.694608 1.360784 1.027176 134.2432 13.71392 0.075447 0.013426 0.376355 22276.03 5628.261 11.51535 22514.39 8907.989 39.77047 1.031841
42.60711 1.633484 470.4431 354.1677 1.49722 1.150156 61.79273 60.05435 0.037174 0.00569 0.038417 41.02114 593.1506 4179 1820.711 28.58034 1116.652 70.88377 253.1394 416.6349 1.177348 1.695 1.357348 1.022045 135.0606 13.67697 0.075688 0.01336 0.376355 22276.03 5628.261 11.51535 22514.39 6921.937 39.77047 1.031841
42.03811 1.611125 814.815 300.0531 1.326405 1.255085 29.04517 100.4291 0.057746 0.005767 0.038417 39.6087 593.1506 4179.04 2078.913 27.25855 1119.775 69.82398 252.345 416.6 1.175112 1.696 1.353225 1.015337 135.955 13.64225 0.075947 0.013283 0.376355 22276.03 5628.261 11.51535 22254.72 5224.56 39.77047 1.031841
41.72173 1.598913 977.4111 274.4353 1.245233 1.304592 13.6613 119.7516 0.067506 0.005813 0.038417 36.2899 593.1506 4179.527 984.1586 26.63289 1121.109 69.24889 251.9565 416.5 1.173891 1.696109 1.350782 1.012674 136.5435 13.62783 0.076093 0.013237 0.376355 22276.03 5628.261 11.51535 21935.08 4835.293 39.77047 1.031841
31.35185 1.60057 1167.6 238.3222 1.129407 1.281107 0 155.4338 0.081122 0 0.038417 31.35185 593.1506 4179.823 874.7966 26.07679 0 0 0 0 0 0 0 0 0 0 0 0 0.376355 22276.03 5628.261 11.51535 0 0 39.77047 1.031841
27.71107 1.600508 1183.156 233.7244 1.114548 1.262545 0 162.2796 0.082836 0 0.038417 27.71107 593.1506 4180 384.8425 25.83216 0 0 0 0 0 0 0 0 0 0 0 0 0.376355 22276.03 5628.261 11.51535 0 0 39.77047 1.031841
26.26338 1.595998 1188.946 231.8424 1.108053 1.255397 0 165.0836 0.083513 0 0.038417 26.26338 593.1506 4180 50.39333 25.80013 0 0 0 0 0 0 0 0 0 0 0 0 0.376355 22276.03 5628.261 11.51535 0 0 39.77047 1.031841
26.22543 1.591366 1189.098 231.7931 1.107902 1.2553 0 165.1371 0.083527 0 0.038417 26.22543 593.1506 4180 142.0339 25.70984 0 0 0 0 0 0 0 0 0 0 0 0 0.376355 22276.03 5628.261 11.51535 0 0 39.77047 1.031841
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
113.8233 1.688629 50.79061 479.0359 1.871192 0.84339 0 16.79838 0.017091 0 0.034208 113.8233 528.1678 0 0 32.04726 0 0 0 0 0 0 0 0 0 0 0 0 0.326343 20107.9 5207.57 11.39644 0 0 39.98391 1.78662
43.5827 1.672108 160.5096 403.0977 1.650717 1.060637 91.55936 23.84333 0.0187 0.005564 0.034208 42.55223 528.1678 4179 2597.703 30.14249 1112.789 72.72118 254.4632 416.8 1.181211 1.694 1.364422 1.032632 133.4157 13.74211 0.075237 0.013488 0.326343 20107.9 5207.57 11.39644 20332.73 8145.046 39.98391 1.78662
43.16951 1.65558 472.6567 354.1097 1.496529 1.155844 61.56156 60.01899 0.037263 0.005623 0.034208 41.42038 528.1678 4179 1675.788 28.91371 1114.442 71.93227 253.8674 416.7 1.179558 1.694442 1.361116 1.027674 134.1768 13.71558 0.075429 0.013432 0.326343 20107.9 5207.57 11.39644 20332.73 6223.222 39.98391 1.78662
42.73459 1.638583 828.6991 298.2723 1.320103 1.26591 27.50599 101.5278 0.058504 0.005674 0.034208 39.90917 528.1678 4179 1910.092 27.51313 1116.142 71.12343 253.3433 416.6858 1.177858 1.695 1.357858 1.023575 134.8567 13.68717 0.075627 0.013376 0.326343 20107.9 5207.57 11.39644 20084.13 4652.51 39.98391 1.78662
42.45694 1.627574 989.5429 272.8969 1.240018 1.31549 12.20096 120.4571 0.068141 0.00571 0.034208 36.05387 528.1678 4179.403 868.0455 26.8767 1117.243 70.606 252.9272 416.6 1.176757 1.695243 1.356515 1.020272 135.297 13.66757 0.075757 0.01334 0.326343 20107.9 5207.57 11.39644 19782.86 4502.656 39.98391 1.78662
30.68329 1.632109 1171.022 237.4883 1.126733 1.277213 0 156.8099 0.081467 0 0.034208 30.68329 528.1678 4179.689 692.3544 26.36911 0 0 0 0 0 0 0 0 0 0 0 0 0.326343 20107.9 5207.57 11.39644 0 0 39.98391 1.78662
27.57565 1.632386 1183.697 233.5484 1.113505 1.261231 0 162.6508 0.082929 0 0.034208 27.57565 528.1678 4179.865 272.2793 26.1695 0 0 0 0 0 0 0 0 0 0 0 0 0.326343 20107.9 5207.57 11.39644 0 0 39.98391 1.78662
26.35724 1.629039 1188.571 231.9644 1.108429 1.255205 0 164.9793 0.083495 0 0.034208 26.35724 528.1678 4179.919 21.27929 26.15391 0 0 0 0 0 0 0 0 0 0 0 0 0.326343 20107.9 5207.57 11.39644 0 0 39.98391 1.78662
26.48183 1.624693 1188.073 232.1264 1.108927 1.255915 0 164.7339 0.083433 0 0.034208 26.48183 528.1678 4179.945 118.2273 26.06723 0 0 0 0 0 0 0 0 0 0 0 0 0.326343 20107.9 5207.57 11.39644 0 0 39.98391 1.78662
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
117.6263 1.653543 48.91098 482.5309 1.881969 0.840385 0 16.94647 0.017326 0 0.027737 117.6263 428.2617 0 0 32.3134 0 0 0 0 0 0 0 0 0 0 0 0 0.273617 17681.63 4796.008 10.37337 0 0 39.21319 1.728938
42.81675 1.641798 161.4657 402.6048 1.650376 1.053198 91.36567 24.14412 0.018756 0.005665 0.027737 41.80335 428.2617 4179 2216.945 30.37457 1115.82 71.2763 253.4539 416.7 1.17818 1.695 1.35836 1.02436 134.7281 13.6936 0.075588 0.013385 0.273617 17681.63 4796.008 10.37337 17876.41 7470.186 39.21319 1.728938
42.51872 1.629951 477.5491 352.9863 1.493585 1.151635 61.11667 60.92565 0.037606 0.0057 0.027737 40.84564 428.2617 4179 1376.291 29.17094 1117.005 70.7177 252.9985 416.6 1.176995 1.695005 1.35699 1.020985 135.202 13.66995 0.075731 0.01335 0.273617 17681.63 4796.008 10.37337 17876.41 5558 39.21319 1.728938
42.19732 1.617493 860.2166 293.0041 1.303922 1.271411 24.63676 105.6323 0.060455 0.005748 0.027737 39.11328 428.2617 4179 1663.754 27.7159 1118.501 70.12965 252.5997 416.6 1.175749 1.696 1.354499 1.017248 135.7003 13.65499 0.07587 0.013302 0.273617 17681.63 4796.008 10.37337 17662.7 4185.821 39.21319 1.728938
42.00643 1.609863 1012.38 269.1343 1.228382 1.318333 10.2484 123.4662 0.069538 0.005771 0.027737 35.09047 428.2617 4179.287 662.0863 27.13691 1120.014 69.76355 252.2959 416.5986 1.174986 1.696 1.352973 1.014973 136.0069 13.63986 0.075962 0.013279 0.273617 17681.63 4796.008 10.37337 17391.1 4270.331 39.21319 1.728938
30.08545 1.615508 1173.599 236.7111 1.124342 1.274144 0 157.8713 0.081735 0 0.027737 30.08545 428.2617 4179.536 478.4665 26.71852 0 0 0 0 0 0 0 0 0 0 0 0 0.273617 17681.63 4796.008 10.37337 0 0 39.21319 1.728938
27.62191 1.617472 1183.512 233.6085 1.113892 1.26176 0 162.5128 0.082894 0 0.027737 27.62191 428.2617 4179.681 186.3707 26.55556 0 0 0 0 0 0 0 0 0 0 0 0 0.273617 17681.63 4796.008 10.37337 0 0 39.21319 1.728938
26.60839 1.61276 1187.566 232.2909 1.109434 1.256787 0 164.4696 0.083364 0 0.027737 26.60839 428.2617 4179.727 20.33374 26.53778 0 0 0 0 0 0 0 0 0 0 0 0 0.273617 17681.63 4796.008 10.37337 0 0 39.21319 1.728938
26.81375 1.608315 1186.745 232.5579 1.110255 1.257902 0 164.0705 0.083264 0 0.027737 26.81375 428.2617 4179.752 97.6375 26.4524 0 0 0 0 0 0 0 0 0 0 0 0 0.273617 17681.63 4796.008 10.37337 0 0 39.21319 1.728938
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref TmeasuredG Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(LThercond(VFloww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
119.9951 1.69695 49.92021 484.1266 1.884169 0.843193 0 17.05858 0.017518 0 0.022594 119.9951 348.8541 0 0 33.76243 0 0 0 0 0 0 0 0 0 0 0 0 0.165723 12218.93 4115.409 10.98112 0 0 39.99356 1.47358
44.03491 1.690196 151.9044 404.5819 1.654459 1.062979 92.4426 22.75779 0.018198 0.005509 0.022594 43.01854 348.8541 4179 1797.264 31.16732 1109.98 73.57942 255.1059 416.802 1.18302 1.693 1.368039 1.038039 132.6921 13.77039 0.075038 0.013551 0.165723 12218.93 4115.409 10.98112 12408.88 6461.017 39.99356 1.47358
43.87869 1.683948 495.5522 350.9159 1.485626 1.170687 59.31626 62.24649 0.038583 0.005528 0.022594 42.06508 348.8541 4179 1212.553 29.41649 1111.21 73.28554 254.8579 416.8 1.182395 1.693605 1.36679 1.036184 132.9421 13.7579 0.075107 0.013532 0.165723 12218.93 4115.409 10.98112 12408.88 4445.271 39.99356 1.47358
43.64747 1.674699 876.726 291.3419 1.297714 1.289748 22.68035 106.1938 0.061212 0.005556 0.022594 40.08483 348.8541 4179 1346.04 27.47291 1112.53 72.84555 254.541 416.8 1.18147 1.694 1.36494 1.03341 133.312 13.7447 0.075208 0.013499 0.165723 12218.93 4115.409 10.98112 12192.52 3221.695 39.99356 1.47358
43.51806 1.669522 1060.952 262.513 1.206641 1.347279 5.007012 127.5262 0.072172 0.005572 0.022594 34.8058 348.8541 4179.499 651.3716 26.53249 1113.048 72.59707 254.3809 416.7952 1.180952 1.694 1.363904 1.031857 133.5239 13.73904 0.075266 0.013479 0.165723 12218.93 4115.409 10.98112 11952.71 3508.359 39.99356 1.47358
29.0789 1.6765 1177.684 235.4026 1.119827 1.267906 0 159.9561 0.082264 0 0.022594 29.0789 348.8541 4179.86 348.7461 26.02903 0 0 0 0 0 0 0 0 0 0 0 0 0.165723 12218.93 4115.409 10.98112 0 0 39.99356 1.47358
26.78936 1.679432 1187.431 232.5262 1.110157 1.256482 0 164.318 0.083337 0 0.022594 26.78936 348.8541 4180 95.54989 25.89109 0 0 0 0 0 0 0 0 0 0 0 0 0.165723 12218.93 4115.409 10.98112 0 0 39.99356 1.47358
25.91441 1.675219 1190.847 231.3973 1.106658 1.252614 0 165.9677 0.08374 0 0.022594 25.91441 348.8541 4180 16.4932 25.86728 0 0 0 0 0 0 0 0 0 0 0 0 0.165723 12218.93 4115.409 10.98112 0 0 39.99356 1.47358
26.08012 1.671429 1190.108 231.6042 1.10732 1.253366 0 165.6335 0.08366 0 0.022594 26.08012 348.8541 4180 63.77308 25.77522 0 0 0 0 0 0 0 0 0 0 0 0 0.165723 12218.93 4115.409 10.98112 0 0 39.99356 1.47358  
 
 264
 
 
 
Experimental data for condensing R134a in micro-fin tubes with a helix angle of 10º 
 
 
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
77.747402 1.206105 49.556275 457.024452 1.812632 1.075382 0 14.232338 0.018239 0 0.054315 77.747402 838.613083 0 0 34.509148 0 0 0 0 0 0 0 0 0 0 0 0 0.40715 24142.68332 7132.678147 9.259037 0 0 39.878159 0.805761
45.245304 1.167433 189.483655 402.259103 1.648168 1.235801 87.673716 30.057042 0.023036 0.00547 0.054315 44.399605 838.613083 4179 2974.57365 32.760919 1124.25666 58.061404 264.346003 421.648677 1.215487 1.709 1.531487 1.19423 152.553991 12.834867 0.072459 0.016087 0.40715 24142.68332 7132.678147 9.259037 24596.79885 10321.77592 39.878159 0.805761
43.468262 1.114522 432.999814 364.991669 1.533423 1.296935 64.9019 63.08238 0.035992 0.005692 0.054315 42.543604 838.613083 4179 2024.176431 31.571261 1131.547825 55.234175 261.626081 420.890428 1.206904 1.71 1.519904 1.176356 156.183479 12.734521 0.073222 0.015858 0.40715 24142.68332 7132.678147 9.259037 24596.79885 9126.430846 39.878159 0.805761
41.684022 1.063258 694.339623 324.997274 1.407926 1.365822 40.963687 99.558891 0.05009 0.005914 0.054315 40.853588 838.613083 4179 2172.290953 30.294553 1139.67422 52.529406 258.962878 420.165156 1.198326 1.71 1.508652 1.159977 159.871956 12.636516 0.073991 0.015643 0.40715 24142.68332 7132.678147 9.259037 24313.95145 7646.963016 39.878159 0.805761
40.301504 1.024905 828.714854 303.917375 1.342139 1.397996 28.931162 119.339136 0.057483 0.00609 0.054315 38.971374 838.613083 4179 1144.952308 29.621637 1145.509449 50.515085 256.845282 419.549058 1.191981 1.711 1.499981 1.147472 162.807554 12.559811 0.074582 0.01548 0.40715 24142.68332 7132.678147 9.259037 23992.41918 6821.189774 39.878159 0.805761
39.595904 1.005565 1002.905873 277.428422 1.257746 1.44904 13.243526 144.20819 0.067003 0.006178 0.054315 37.811873 838.613083 4179 1438.74443 28.776052 1148.443499 49.509382 255.77825 419.255649 1.188556 1.711 1.496113 1.14067 164.310448 12.52113 0.074881 0.015392 0.40715 24142.68332 7132.678147 9.259037 23834.54696 5100.741108 39.878159 0.805761
39.401829 1.00032 1147.084801 255.796291 1.188927 1.494454 0.171244 164.417039 0.074863 0.006199 0.054315 34.68891 838.613083 4179 1174.946719 28.085508 1148.968028 49.236627 255.515986 419.203209 1.188032 1.711 1.495064 1.139096 164.677616 12.51064 0.074965 0.015371 0.40715 24142.68332 7132.678147 9.259037 23625.69541 4728.038532 39.878159 0.805761
30.412173 0.994295 1187.351307 242.318257 1.145061 1.445175 0 185.687965 0.078994 0 0.054315 30.412173 838.613083 4179.003921 317.665783 27.898808 0 0 0 0 0 0 0 0 0 0 0 0 0.40715 24142.68332 7132.678147 9.259037 0 0 39.878159 0.805761
29.014629 0.987392 1192.941485 240.320483 1.138073 1.439062 0 189.112995 0.079613 0 0.054315 29.014629 838.613083 4179.099442 332.452192 27.703423 0 0 0 0 0 0 0 0 0 0 0 0 0.40715 24142.68332 7132.678147 9.259037 0 0 39.878159 0.805761
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
78.029225 1.16123 47.299199 457.974936 1.817965 1.066239 0 14.218133 0.018214 0 0.047674 78.029225 736.079098 0 0 33.183161 0 0 0 0 0 0 0 0 0 0 0 0 0.336403 20683.23466 6198.750755 10.729865 0 0 39.924466 0.962409
43.96562 1.128989 178.382931 402.988719 1.652859 1.220503 88.597 28.997311 0.022435 0.005634 0.047674 43.172649 736.079098 4179 2621.413664 31.318487 1129.202233 56.006409 262.349436 421.089894 1.208899 1.71 1.522798 1.181596 155.170787 12.757978 0.073014 0.015925 0.336403 20683.23466 6198.750755 10.729865 21043.53393 9719.690262 39.924466 0.962409
42.398738 1.083678 432.96042 364.215332 1.531908 1.287561 64.960774 63.717304 0.036036 0.005825 0.047674 41.573506 736.079098 4179 1848.483004 30.003617 1136.264355 53.604945 259.983899 420.436778 1.201736 1.71 1.512736 1.166103 158.342526 12.677356 0.073685 0.015728 0.336403 20683.23466 6198.750755 10.729865 21043.53393 8086.547029 39.924466 0.962409
40.965902 1.043219 718.006877 320.896599 1.395598 1.367364 38.91779 103.473449 0.051432 0.006004 0.047674 40.087305 736.079098 4179 2065.177874 28.534607 1142.678047 51.477417 257.860989 419.832185 1.194644 1.711 1.503966 1.152966 161.374635 12.596439 0.074292 0.015553 0.336403 20683.23466 6198.750755 10.729865 20771.81209 6364.282286 39.924466 0.962409
39.821047 1.011696 869.991289 297.387275 1.32128 1.407636 25.292521 125.588926 0.059769 0.006152 0.047674 38.364689 736.079098 4179 1120.783808 27.737367 1147.660843 49.828182 256.101748 419.333906 1.189339 1.711 1.497339 1.142678 163.864337 12.533391 0.074785 0.015418 0.336403 20683.23466 6198.750755 10.729865 20452.71827 5307.492579 39.924466 0.962409
39.414756 1.000669 1063.944111 268.182993 1.228482 1.467625 7.728531 152.894832 0.070354 0.006197 0.047674 36.424183 736.079098 4179.378886 1392.285383 26.747091 1148.93309 49.254794 255.533455 419.206702 1.188067 1.711 1.495134 1.139201 164.65316 12.511338 0.074959 0.015373 0.336403 20683.23466 6198.750755 10.729865 20288.71388 4130.22092 39.924466 0.962409
31.259452 0.998635 1183.962193 243.563232 1.149045 1.449325 0 183.671855 0.078622 0 0.047674 31.259452 736.079098 4179.78535 893.688881 26.111508 0 0 0 0 0 0 0 0 0 0 0 0 0.336403 20683.23466 6198.750755 10.729865 0 0 39.924466 0.962409
27.70664 0.99354 1198.173441 238.389296 1.131827 1.432662 0 192.307567 0.080194 0 0.047674 27.70664 736.079098 4179.965052 117.028326 26.028282 0 0 0 0 0 0 0 0 0 0 0 0 0.336403 20683.23466 6198.750755 10.729865 0 0 39.924466 0.962409
26.717945 0.98884 1202.128219 237.005119 1.12759 1.428095 0 194.788706 0.080628 0 0.047674 26.717945 736.079098 4180 284.674729 25.825835 0 0 0 0 0 0 0 0 0 0 0 0 0.336403 20683.23466 6198.750755 10.729865 0 0 39.924466 0.962409
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
81.391487 1.120431 44.634663 462.144602 1.832723 1.057269 0 14.340233 0.018428 0 0.040214 81.391487 620.903167 0 0 33.490362 0 0 0 0 0 0 0 0 0 0 0 0 0.351109 21535.65479 6201.087205 9.304028 0 0 39.426574 0.368884
42.951456 1.09947 164.561406 404.386516 1.658379 1.206986 89.79929 27.451837 0.021679 0.005753 0.040214 42.248803 620.903167 4179 2322.704185 31.907368 1134.052987 54.432446 260.868201 420.689414 1.203947 1.71 1.516841 1.171788 157.237088 12.70894 0.073448 0.015798 0.351109 21535.65479 6201.087205 9.304028 21847.82002 9747.400663 39.426574 0.368884
41.681526 1.063186 437.802179 363.034587 1.528666 1.283525 64.561056 64.816878 0.036321 0.005914 0.040214 40.871069 620.903167 4179 1662.941148 30.774022 1139.681351 52.525698 258.959312 420.16373 1.198319 1.71 1.508637 1.159956 159.876948 12.636373 0.073992 0.015643 0.351109 21535.65479 6201.087205 9.304028 21847.82002 8045.832384 39.426574 0.368884
40.578184 1.032449 723.814628 319.721169 1.392419 1.366174 38.468852 104.643424 0.051783 0.006058 0.040214 39.797401 620.903167 4179 1741.821177 29.586917 1144.510096 50.909824 257.246979 419.648992 1.193245 1.711 1.50149 1.149735 162.204035 12.574899 0.074461 0.01551 0.351109 21535.65479 6201.087205 9.304028 21604.9965 6166.975255 39.426574 0.368884
39.684943 1.007971 887.025228 294.741398 1.312948 1.412147 23.774363 128.096245 0.060711 0.006168 0.040214 38.088742 620.903167 4179 1004.54538 28.902288 1148.202852 49.634518 255.898574 419.279707 1.188797 1.711 1.496594 1.141391 164.141996 12.525943 0.074842 0.015402 0.351109 21535.65479 6201.087205 9.304028 21339.54383 5196.548938 39.426574 0.368884
39.355928 0.999103 1087.869513 264.572167 1.216981 1.474974 5.573589 156.285184 0.071661 0.006204 0.040214 36.126856 620.903167 4179 1213.236139 28.07543 1149.179323 49.173377 255.446203 419.182079 1.187821 1.711 1.494821 1.138731 164.771726 12.508207 0.074984 0.015366 0.351109 21535.65479 6201.087205 9.304028 21193.99194 4111.982185 39.426574 0.368884
31.414921 1.000092 1183.340316 243.78089 1.149659 1.450073 0 183.304556 0.078553 0 0.040214 31.414921 620.903167 4179.075572 664.910997 27.622281 0 0 0 0 0 0 0 0 0 0 0 0 0.351109 21535.65479 6201.087205 9.304028 0 0 39.426574 0.368884
28.545114 0.995075 1194.819546 239.617673 1.135726 1.43677 0 190.272028 0.079826 0 0.040214 28.545114 620.903167 4179.199231 60.876948 27.580794 0 0 0 0 0 0 0 0 0 0 0 0 0.351109 21535.65479 6201.087205 9.304028 0 0 39.426574 0.368884
28.002697 0.991276 1196.989211 238.804049 1.133014 1.434188 0 191.558633 0.080062 0 0.040214 28.002697 620.903167 4179.245126 208.499724 27.438703 0 0 0 0 0 0 0 0 0 0 0 0 0.351109 21535.65479 6201.087205 9.304028 0 0 39.426574 0.368884
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
83.508101 1.082216 42.464582 464.907895 1.843303 1.05051 0 14.409653 0.018553 0 0.033495 83.508101 517.154969 0 0 32.191952 0 0 0 0 0 0 0 0 0 0 0 0 0.348079 21237.58509 5397.560966 10.012588 0 0 39.3395 0.895648
41.871782 1.068622 200.327342 398.403701 1.64059 1.208862 86.420419 32.588748 0.023574 0.005887 0.033495 41.189377 517.154969 4179 2227.547487 30.660595 1139.13776 52.808366 259.231108 420.272438 1.198862 1.71 1.509724 1.161587 159.496427 12.647244 0.073911 0.015664 0.348079 21237.58509 5397.560966 10.012588 21439.53381 8682.616291 39.3395 0.895648
40.859207 1.040256 500.580675 353.096241 1.498255 1.296527 58.846067 73.906411 0.039738 0.006019 0.033495 40.237778 517.154969 4179 1517.566228 29.617324 1142.974421 51.323302 257.712802 419.802546 1.194051 1.711 1.503077 1.152077 161.582101 12.590512 0.074336 0.015541 0.348079 21237.58509 5397.560966 10.012588 21439.53381 6669.733848 39.3395 0.895648
40.160941 1.021107 846.839615 301.108798 1.333101 1.402896 27.296224 122.014481 0.058489 0.006106 0.033495 39.140155 517.154969 4179 1741.311174 28.420236 1145.889346 50.317538 256.655333 419.511066 1.191221 1.711 1.499221 1.146332 163.111473 12.552213 0.074642 0.015464 0.348079 21237.58509 5397.560966 10.012588 21218.58901 4923.539112 39.3395 0.895648
39.641112 1.006787 1006.629083 276.914733 1.256036 1.450536 12.895785 144.66184 0.067193 0.006173 0.033495 36.790688 517.154969 4179 810.376381 27.863132 1148.321315 49.572918 255.839343 419.267864 1.188679 1.711 1.496357 1.141036 164.224919 12.523574 0.074861 0.015397 0.348079 21237.58509 5397.560966 10.012588 20948.26354 4220.55848 39.3395 0.895648
31.767647 1.004831 1181.929412 244.27471 1.151048 1.451742 0 182.476969 0.078399 0 0.033495 31.767647 517.154969 4179.198749 758.273138 27.341872 0 0 0 0 0 0 0 0 0 0 0 0 0.348079 21237.58509 5397.560966 10.012588 0 0 39.3395 0.895648
28.601743 1.005576 1194.593027 239.702618 1.136009 1.436897 0 190.178122 0.07981 0 0.033495 28.601743 517.154969 4179.377663 282.796463 27.147477 0 0 0 0 0 0 0 0 0 0 0 0 0.348079 21237.58509 5397.560966 10.012588 0 0 39.3395 0.895648
27.291108 1.00276 1199.835569 237.807547 1.130125 1.430439 0 193.383275 0.080385 0 0.033495 27.291108 517.154969 4179.423122 -18.269717 27.160036 0 0 0 0 0 0 0 0 0 0 0 0 0.348079 21237.58509 5397.560966 10.012588 0 0 39.3395 0.895648
27.296554 0.997873 1199.813786 237.815172 1.130186 1.430525 0 193.350114 0.080378 0 0.033495 27.296554 517.154969 4179.444079 140.222562 27.063648 0 0 0 0 0 0 0 0 0 0 0 0 0.348079 21237.58509 5397.560966 10.012588 0 0 39.3395 0.895648
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
85.464354 1.077035 41.867213 467.061252 1.849149 1.049785 0 14.484795 0.018696 0 0.027623 85.464354 426.493093 0 0 32.831688 0 0 0 0 0 0 0 0 0 0 0 0 0.27007 17652.83539 4895.748477 9.81505 0 0 39.468215 0.619018
41.923338 1.070095 202.185545 398.169554 1.639758 1.209865 86.253471 32.822146 0.023673 0.00588 0.027623 41.279382 426.493093 4179 1902.988321 31.145572 1138.980915 52.885059 259.304759 420.300942 1.199019 1.71 1.510019 1.162029 159.39236 12.65019 0.073889 0.01567 0.27007 17652.83539 4895.748477 9.81505 17840.23082 8028.887667 39.468215 0.619018
41.2188 1.050244 520.796931 350.347323 1.489459 1.306074 56.980968 76.394785 0.040793 0.005969 0.027623 40.553621 426.493093 4179 1320.988595 29.975129 1141.951105 51.842959 258.21468 419.904884 1.196049 1.710976 1.506049 1.155098 160.880436 12.610489 0.074186 0.015581 0.27007 17652.83539 4895.748477 9.81505 17840.23082 5800.892968 39.468215 0.619018
40.736028 1.036834 889.998461 295.172888 1.313785 1.420805 23.216184 127.198566 0.060725 0.006036 0.027623 39.478324 426.493093 4179 1524.077776 28.624742 1143.633175 51.142209 257.510058 419.736676 1.193683 1.711 1.502367 1.15105 161.853272 12.583668 0.074391 0.015527 0.27007 17652.83539 4895.748477 9.81505 17634.00933 4126.736701 39.468215 0.619018
40.338789 1.025913 1061.729005 269.328178 1.231836 1.473248 7.643088 151.249688 0.07005 0.006086 0.027623 36.561534 426.493093 4179 713.905793 27.992196 1145.408681 50.567484 256.895666 419.559136 1.192183 1.711 1.500183 1.147774 162.72694 12.561826 0.074565 0.015484 0.27007 17652.83539 4895.748477 9.81505 17386.8035 3668.746187 39.468215 0.619018
30.942923 1.02634 1185.228307 243.114382 1.147218 1.447218 0 184.542346 0.078786 0 0.027623 30.942923 426.493093 4179.124452 544.23597 27.509997 0 0 0 0 0 0 0 0 0 0 0 0 0.27007 17652.83539 4895.748477 9.81505 0 0 39.468215 0.619018
28.378523 1.029169 1195.485907 239.367788 1.134893 1.435309 0 190.808221 0.079927 0 0.027623 28.378523 426.493093 4179.28231 168.441634 27.360762 0 0 0 0 0 0 0 0 0 0 0 0 0.27007 17652.83539 4895.748477 9.81505 0 0 39.468215 0.619018
27.302711 1.025901 1199.789154 237.823793 1.12985 1.430357 0 193.446831 0.080401 0 0.027623 27.302711 426.493093 4179.305595 -63.316738 27.416859 0 0 0 0 0 0 0 0 0 0 0 0 0.27007 17652.83539 4895.748477 9.81505 0 0 39.468215 0.619018
27.487146 1.022869 1199.051417 238.082002 1.130714 1.431213 0 192.973617 0.080316 0 0.027623 27.487146 426.493093 4179.316875 114.247044 27.31564 0 0 0 0 0 0 0 0 0 0 0 0 0.27007 17652.83539 4895.748477 9.81505 0 0 39.468215 0.619018
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
89.729147 1.058505 40.303397 471.787601 1.863337 1.047191 0 14.644269 0.019005 0 0.021264 89.729147 328.308103 0 0 33.462355 0 0 0 0 0 0 0 0 0 0 0 0 0.19501 13892.60074 4502.638769 9.288305 0 0 39.143673 0.602074
41.42034 1.055843 191.450622 399.35534 1.64474 1.202102 87.203821 31.535833 0.023094 0.005947 0.021264 40.838357 328.308103 4179 1540.177845 31.572439 1140.831443 52.139669 258.550565 420.016857 1.197169 1.710416 1.507169 1.157337 160.432578 12.621685 0.074102 0.015609 0.19501 13892.60074 4502.638769 9.288305 14063.09283 7668.955028 39.143673 0.602074
40.885611 1.040989 535.017157 348.001731 1.482008 1.307823 55.690504 78.586002 0.04159 0.006015 0.021264 40.381328 328.308103 4179 1091.967742 30.232511 1142.901076 51.361442 257.749474 419.809881 1.194198 1.711 1.503297 1.152297 161.530758 12.591979 0.074325 0.015544 0.19501 13892.60074 4502.638769 9.288305 14063.09283 5084.544719 39.143673 0.602074
40.632743 1.033965 940.153032 287.63968 1.29001 1.436165 18.66546 134.177023 0.063439 0.00605 0.021264 39.311871 328.308103 4179 1283.52054 28.657533 1144.206988 50.990148 257.337912 419.6793 1.193396 1.711 1.501793 1.15019 162.082794 12.57793 0.074437 0.015516 0.19501 13892.60074 4502.638769 9.288305 13876.56746 3464.109206 39.143673 0.602074
40.365133 1.026625 1134.973747 258.470916 1.197235 1.49699 0.946691 161.248933 0.073995 0.006083 0.021264 36.043135 328.308103 4179 620.23584 27.896456 1145.337481 50.604509 256.931266 419.566256 1.192325 1.711 1.500325 1.147988 162.66998 12.56325 0.074554 0.015487 0.19501 13892.60074 4502.638769 9.288305 13655.69747 3145.172784 39.143673 0.602074
30.216455 1.026136 1188.13418 242.024679 1.143969 1.443969 0 186.28505 0.07911 0 0.021264 30.216455 328.308103 4179.157569 344.888448 27.473267 0 0 0 0 0 0 0 0 0 0 0 0 0.19501 13892.60074 4502.638769 9.288305 0 0 39.143673 0.602074
28.122968 1.029251 1196.508128 238.984455 1.133615 1.43403 0 191.421884 0.080039 0 0.021264 28.122968 328.308103 4179.296677 108.592743 27.340025 0 0 0 0 0 0 0 0 0 0 0 0 0.19501 13892.60074 4502.638769 9.288305 0 0 39.143673 0.602074
27.176678 1.026704 1200.293289 237.647344 1.129267 1.429789 0 193.765125 0.080458 0 0.021264 27.176678 328.308103 4179.317492 -40.736201 27.390008 0 0 0 0 0 0 0 0 0 0 0 0 0.19501 13892.60074 4502.638769 9.288305 0 0 39.143673 0.602074
27.43788 1.023358 1199.24848 238.01303 1.130489 1.430985 0 193.098736 0.080339 0 0.021264 27.43788 328.308103 4179.325283 66.136302 27.30886 0 0 0 0 0 0 0 0 0 0 0 0 0.19501 13892.60074 4502.638769 9.288305 0 0 39.143673 0.602074  
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Experimental data for condensing R407C in micro-fin tubes with a helix angle of 10º 
 
 
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L)Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
92.13962 1.768806 58.86973 479.8279 1.883914 1.093117 0 15.986868 0.018751 0 0.054229 92.13962 837.2844 0 0 31.54527 0 0 0 0 0 0 0 0 0 0 0 0 0.397274 22915 6265.712 12.99574 0 0 40.06526 0.826311
44.37589 1.740173 155.1982 412.1644 1.683315 1.382627 92.22058 22.638385 0.021485 0.004889 0.054229 44.95347 837.2844 4179 3669.314 29.33512 1067.982734 78.19881 260.0052 425 1.201017 1.724 1.650035 1.360069 125.3931 13.97035 0.079858 0.016561 0.397274 22915 6265.712 12.99574 23351.76 9361.312 40.06526 0.826311
42.1802 1.702898 427.5783 366.177 1.538707 1.450416 64.74529 53.735965 0.038939 0.005001 0.054229 42.2551 837.2844 4179 2493.84 27.83299 1072.71018 76.29491 258.5159 424.8 1.19658 1.725 1.64058 1.346869 126.8841 13.9058 0.080342 0.016394 0.397274 22915 6265.712 12.99574 23351.76 8259.775 40.06526 0.826311
40.07781 1.672817 712.496 318.1757 1.386836 1.525392 36.33328 86.646881 0.057303 0.005102 0.054229 40.28784 837.2844 4179.475 2603.055 26.26526 1076.436691 74.76365 257.3845 424.7 1.193282 1.726 1.633563 1.335845 128.1873 13.85563 0.080723 0.016264 0.397274 22915 6265.712 12.99574 22998.06 6569.087 40.06526 0.826311
38.74773 1.648806 866.3625 292.0265 1.303525 1.564237 21.15805 104.824991 0.067318 0.005184 0.054229 38.05634 837.2844 4180 1418.041 25.41133 1079.119386 73.55912 256.4522 424.5881 1.189881 1.727 1.627761 1.327522 129.2478 13.81761 0.081046 0.016165 0.397274 22915 6265.712 12.99574 22604.28 5396.059 40.06526 0.826311
37.92708 1.648647 1032.239 264.2873 1.214915 1.613726 4.663636 123.870574 0.078022 0.005184 0.054229 34.77354 837.2844 4180 1504.262 24.50547 1079.135325 73.55099 256.4459 424.5865 1.189865 1.727 1.627729 1.327459 129.2541 13.81729 0.081048 0.016165 0.397274 22915 6265.712 12.99574 22401.48 4481.53 40.06526 0.826311
28.52982 1.646441 1124.843 241.8947 1.142649 1.544343 0 147.22613 0.08629 0 0.054229 28.52982 837.2844 4180 826.6445 24.00768 0 0 0 0 0 0 0 0 0 0 0 0 0.397274 22915 6265.712 12.99574 0 0 40.06526 0.826311
25.36032 1.639926 1139.486 237.0405 1.126802 1.521724 0 153.651944 0.088042 0 0.054229 25.36032 837.2844 4180.02 157.2875 23.91296 0 0 0 0 0 0 0 0 0 0 0 0 0.397274 22915 6265.712 12.99574 0 0 40.06526 0.826311
24.52093 1.631648 1143.22 235.7814 1.122605 1.516493 0 155.351757 0.088495 0 0.054229 24.52093 837.2844 4180.094 333.7052 23.71201 0 0 0 0 0 0 0 0 0 0 0 0 0.397274 22915 6265.712 12.99574 0 0 40.06526 0.826311
G=700 kg/m 2 .s
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L)Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
94.71549 1.733372 56.79642 483.0866 1.894477 1.086195 0 16.071968 0.018865 0 0.045689 94.71549 705.4332 0 0 30.71672 0 0 0 0 0 0 0 0 0 0 0 0 0.376591 21967.43 5745.569 13.83432 0 0 40.57263 0.342542
43.6199 1.711744 176.5281 408.1759 1.672169 1.379063 89.97181 25.215904 0.022834 0.004975 0.045689 44.28977 705.4332 4179 3422.606 28.54194 1071.825641 76.73893 258.8697 424.8174 1.198174 1.725 1.642523 1.349697 126.5303 13.92349 0.080227 0.016437 0.376591 21967.43 5745.569 13.83432 22259.65 8410.371 40.57263 0.342542
41.50137 1.68423 476.9944 357.6262 1.512329 1.458904 59.80424 59.642273 0.042146 0.005067 0.045689 41.63639 705.4332 4179.096 2309.572 27.07444 1074.576969 75.34574 257.7692 424.7423 1.194423 1.726 1.636269 1.339692 127.7308 13.87846 0.080575 0.016317 0.376591 21967.43 5745.569 13.83432 22259.65 7271.202 40.57263 0.342542
39.50591 1.663958 785.5332 305.8436 1.347307 1.544259 29.11143 95.149768 0.062033 0.005128 0.045689 39.66434 705.4332 4179.839 2365.902 25.57141 1077.60419 74.31791 257.0583 424.6396 1.191792 1.726 1.631187 1.332583 128.5417 13.83792 0.080845 0.016226 0.376591 21967.43 5745.569 13.83432 21926.03 5668.353 40.57263 0.342542
38.29475 1.647147 950.1111 277.9856 1.258717 1.588828 12.84279 114.480731 0.072731 0.005189 0.045689 36.69999 705.4332 4180 1272.81 24.76284 1079.28534 73.47448 256.3859 424.5715 1.189715 1.727 1.627429 1.326859 129.3141 13.81429 0.081067 0.016159 0.376591 21967.43 5745.569 13.83432 21562.31 4786.658 40.57263 0.342542
31.14253 1.651206 1112.311 245.928 1.155713 1.565116 0 142.019765 0.08483 0 0.045689 31.14253 705.4332 4180 1116.972 24.05327 0 0 0 0 0 0 0 0 0 0 0 0 0.376591 21967.43 5745.569 13.83432 0 0 40.57263 0.342542
26.36449 1.647969 1135.152 238.5482 1.131822 1.528592 0 151.62792 0.087497 0 0.045689 26.36449 705.4332 4180.051 485.9539 23.74456 0 0 0 0 0 0 0 0 0 0 0 0 0.376591 21967.43 5745.569 13.83432 0 0 40.57263 0.342542
24.45731 1.644389 1143.653 235.686 1.122287 1.515856 0 155.52233 0.088543 0 0.045689 24.45731 705.4332 4180.128 2.983313 23.74267 0 0 0 0 0 0 0 0 0 0 0 0 0.376591 21967.43 5745.569 13.83432 0 0 40.57263 0.342542
24.03924 1.637669 1145.567 235.0589 1.120196 1.513482 0 156.369251 0.088766 0 0.045689 24.03924 705.4332 4180.17 261.9224 23.57628 0 0 0 0 0 0 0 0 0 0 0 0 0.376591 21967.43 5745.569 13.83432 0 0 40.57263 0.342542
G=600 kg/m 2 .s
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L)Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
96.75292 1.719139 55.73906 485.408 1.901728 1.082544 0 16.147772 0.018977 0 0.039963 96.75292 617.02 0 0 30.32948 0 0 0 0 0 0 0 0 0 0 0 0 0.356154 21010.28 5319.643 13.51254 0 0 39.98386 0.77846
43.39855 1.704316 186.3949 406.4404 1.666668 1.379719 88.95515 26.380336 0.023462 0.004997 0.039963 43.99887 617.02 4179 3155.769 28.20919 1072.568396 76.3658 258.5726 424.8 1.196863 1.725 1.640863 1.347295 126.8274 13.90863 0.080324 0.016402 0.356154 21010.28 5319.643 13.51254 21281.15 7533.693 39.98386 0.77846
41.2787 1.681242 508.0664 352.3725 1.495692 1.467047 56.69894 63.226091 0.044151 0.005076 0.039963 41.28391 617.02 4179.258 2160.709 26.75756 1074.875787 75.19335 257.6497 424.7124 1.194124 1.726 1.635373 1.338497 127.8503 13.87248 0.080614 0.016305 0.356154 21010.28 5319.643 13.51254 21281.15 6477.96 39.98386 0.77846
39.35619 1.667798 835.0426 297.6588 1.321398 1.560312 24.1523 100.723439 0.065201 0.005117 0.039963 39.31593 617.02 4179.988 2186.515 25.28884 1077.220192 74.50991 257.2119 424.678 1.19256 1.726 1.632339 1.334119 128.3881 13.8456 0.080791 0.016241 0.356154 21010.28 5319.643 13.51254 20963.72 4974.829 39.98386 0.77846
38.26609 1.654916 993.5675 270.8926 1.235811 1.60366 8.454838 119.220195 0.075489 0.00516 0.039963 35.33674 617.02 4180 1069.654 24.57033 1078.508383 73.86581 256.6966 424.6 1.190492 1.726508 1.628983 1.329475 128.9542 13.82492 0.080966 0.01619 0.356154 21010.28 5319.643 13.51254 20621.24 4565.834 39.98386 0.77846
29.0263 1.657581 1122.868 242.6421 1.145131 1.548059 0 146.27772 0.086024 0 0.039963 29.0263 617.02 4180 788.1329 24.04093 0 0 0 0 0 0 0 0 0 0 0 0 0.356154 21010.28 5319.643 13.51254 0 0 39.98386 0.77846
25.47806 1.657645 1139.168 237.2171 1.12731 1.522194 0 153.474457 0.087995 0 0.039963 25.47806 617.02 4180.03 302.0611 23.83803 0 0 0 0 0 0 0 0 0 0 0 0 0.356154 21010.28 5319.643 13.51254 0 0 39.98386 0.77846
24.14229 1.652833 1145.297 235.2134 1.120655 1.513797 0 156.212526 0.088725 0 0.039963 24.14229 617.02 4180.073 -46.1389 23.86902 0 0 0 0 0 0 0 0 0 0 0 0 0.356154 21010.28 5319.643 13.51254 0 0 39.98386 0.77846
24.02526 1.648023 1145.835 235.0379 1.120126 1.513191 0 156.439152 0.088784 0 0.039963 24.02526 617.02 4180.103 223.5576 23.71886 0 0 0 0 0 0 0 0 0 0 0 0 0.356154 21010.28 5319.643 13.51254 0 0 39.98386 0.77846
G=500 kg/m 2 .s
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L)Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
99.68736 1.72094 55.09349 488.6048 1.910387 1.081225 0 16.265871 0.019169 0 0.034848 99.68736 538.0541 0 0 30.59831 0 0 0 0 0 0 0 0 0 0 0 0 0.337553 20269.51 4881.87 12.75468 0 0 39.65821 1.450414
43.47028 1.710495 201.0675 404.0597 1.65914 1.385812 87.50172 28.001452 0.024407 0.004979 0.034848 44.03729 538.0541 4179 2946.266 28.5097 1071.950499 76.67525 258.8198 424.8049 1.198049 1.725 1.642148 1.349198 126.5802 13.92099 0.080244 0.016432 0.337553 20269.51 4881.87 12.75468 20509.65 6715.749 39.65821 1.450414
41.43922 1.692268 527.803 349.2898 1.485465 1.476773 54.70548 65.298993 0.045394 0.005041 0.034848 41.29714 538.0541 4179.083 1908.643 27.15669 1073.77324 75.75565 258.0907 424.8 1.195227 1.725773 1.638454 1.342907 127.3866 13.89227 0.080473 0.016349 0.337553 20269.51 4881.87 12.75468 20509.65 5798.831 39.65821 1.450414
39.52291 1.681567 866.4611 292.4863 1.305024 1.573591 20.84586 104.080497 0.067205 0.005075 0.034848 38.94685 538.0541 4179.772 1979.512 25.75367 1074.843263 75.20993 257.6627 424.7157 1.194157 1.726 1.63547 1.338627 127.8373 13.87314 0.08061 0.016306 0.337553 20269.51 4881.87 12.75468 20225.97 4577.889 39.65821 1.450414
38.58718 1.672194 1012.621 268.0457 1.227223 1.614433 6.382375 120.913475 0.076617 0.005103 0.034848 34.35155 538.0541 4180 851.7166 25.15004 1076.561094 74.73192 257.3658 424.7 1.193219 1.726 1.633439 1.335658 128.2122 13.85439 0.080731 0.016261 0.337553 20269.51 4881.87 12.75468 19911.4 4570.133 39.65821 1.450414
28.12442 1.678275 1126.997 241.2866 1.140622 1.54043 0 148.164265 0.086549 0 0.034848 28.12442 538.0541 4180 532.7863 24.77243 0 0 0 0 0 0 0 0 0 0 0 0 0.337553 20269.51 4881.87 12.75468 0 0 39.65821 1.450414
25.62115 1.678633 1138.732 237.4317 1.127889 1.522775 0 153.272229 0.087937 0 0.034848 25.62115 538.0541 4180 200.2357 24.63052 0 0 0 0 0 0 0 0 0 0 0 0 0.337553 20269.51 4881.87 12.75468 0 0 39.65821 1.450414
24.63804 1.672223 1143.093 235.9571 1.122746 1.516384 0 155.248999 0.088471 0 0.034848 24.63804 538.0541 4180 -35.3825 24.6556 0 0 0 0 0 0 0 0 0 0 0 0 0.337553 20269.51 4881.87 12.75468 0 0 39.65821 1.450414
24.80355 1.66726 1142.26 236.2053 1.123673 1.517476 0 154.88158 0.088375 0 0.034848 24.80355 538.0541 4180 143.101 24.55418 0 0 0 0 0 0 0 0 0 0 0 0 0.337553 20269.51 4881.87 12.75468 0 0 39.65821 1.450414
G=400 kg/m 2 .s
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L)Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
102.5196 1.667148 52.47151 492.2316 1.922187 1.074373 0 16.351073 0.019298 0 0.027115 102.5196 418.649 0 0 31.89563 0 0 0 0 0 0 0 0 0 0 0 0 0.319832 19825.86 4416.08 10.37703 0 0 39.14602 0.973441
42.27665 1.663088 218.066 400.6124 1.649422 1.375038 85.66981 30.278683 0.025485 0.005131 0.027115 43.05663 418.649 4179 2484.242 30.03697 1077.69118 74.27441 257.0235 424.6309 1.191618 1.726 1.630926 1.332235 128.5765 13.83618 0.080857 0.016222 0.319832 19825.86 4416.08 10.37703 20006.37 6253.112 39.14602 0.973441
40.44016 1.649036 523.7761 349.3138 1.486525 1.46202 55.22687 65.495436 0.045213 0.005183 0.027115 40.62527 418.649 4179 1390.955 28.99629 1079.09641 73.57083 256.4614 424.5904 1.189904 1.727 1.627807 1.327614 129.2386 13.81807 0.081043 0.016166 0.319832 19825.86 4416.08 10.37703 20006.37 5522.624 39.14602 0.973441
38.48303 1.6419 885.8157 288.6194 1.292838 1.568251 19.27218 107.222208 0.068609 0.005204 0.027115 38.16192 418.649 4179 1645.721 27.765 1079.810012 73.2069 256.176 424.519 1.18919 1.727 1.62638 1.32476 129.524 13.8038 0.081135 0.016138 0.319832 19825.86 4416.08 10.37703 19799.33 4569.651 39.14602 0.973441
37.74486 1.633618 995.6983 270.0587 1.233757 1.599218 8.427852 120.073231 0.075753 0.005229 0.027115 34.74026 418.649 4179.212 503.2683 27.38848 1080.638179 72.79091 255.8447 424.5 1.188362 1.727 1.624724 1.322085 129.8553 13.78724 0.081243 0.016098 0.319832 19825.86 4416.08 10.37703 19535.17 4450.828 39.14602 0.973441
29.75667 1.63878 1119.162 243.8107 1.148783 1.554278 0 144.741783 0.085595 0 0.027115 29.75667 418.649 4179.399 500.6286 27.01396 0 0 0 0 0 0 0 0 0 0 0 0 0.319832 19825.86 4416.08 10.37703 0 0 39.14602 0.973441
27.67739 1.640666 1128.613 240.5899 1.138387 1.538055 0 148.913909 0.086761 0 0.027115 27.67739 418.649 4179.512 102.9368 26.93695 0 0 0 0 0 0 0 0 0 0 0 0 0.319832 19825.86 4416.08 10.37703 0 0 39.14602 0.973441
26.70414 1.638473 1133.411 239.0724 1.133521 1.53116 0 150.891424 0.087301 0 0.027115 26.70414 418.649 4179.542 54.81536 26.89594 0 0 0 0 0 0 0 0 0 0 0 0 0.319832 19825.86 4416.08 10.37703 0 0 39.14602 0.973441
27.09249 1.631317 1131.538 239.6819 1.135462 1.534056 0 150.074197 0.08708 0 0.027115 27.09249 418.649 4179.555 17.62332 26.88276 0 0 0 0 0 0 0 0 0 0 0 0 0.319832 19825.86 4416.08 10.37703 0 0 39.14602 0.973441
G=300 kg/m 2 .s
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L)Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
107.0774 1.651214 50.93748 497.273 1.93706 1.07212 0 16.523582 0.019587 0 0.02292 107.0774 353.879 0 0 31.61248 0 0 0 0 0 0 0 0 0 0 0 0 0.212595 14460.81 3797.449 11.00541 0 0 38.49248 1.219019
42.04609 1.651245 208.2582 402.1013 1.655015 1.368521 86.61194 29.259891 0.024856 0.005175 0.02292 42.84734 353.879 4179 2181.321 29.15724 1078.875498 73.68225 256.5498 424.6 1.190125 1.726875 1.628249 1.328373 129.1377 13.82125 0.081014 0.016175 0.212595 14460.81 3797.449 11.00541 14637.05 5399.496 38.49248 1.219019
40.17789 1.639328 529.0633 348.2327 1.483352 1.460581 54.71787 66.248144 0.045579 0.005212 0.02292 40.25423 353.879 4179 1234.661 27.76754 1080.067167 73.07642 256.0731 424.5 1.188933 1.727 1.625866 1.323799 129.6269 13.79866 0.081169 0.016127 0.212595 14460.81 3797.449 11.00541 14637.05 4610.196 38.49248 1.219019
38.3131 1.635868 891.0424 287.6181 1.289787 1.568332 18.79593 107.966986 0.068977 0.005222 0.02292 37.51605 353.879 4179.507 1389.278 26.204 1080.41324 72.90338 255.9347 424.5 1.188587 1.727 1.625174 1.32276 129.7653 13.79174 0.081214 0.016109 0.212595 14460.81 3797.449 11.00541 14430.31 3725.594 38.49248 1.219019
37.39479 1.624629 1023.357 265.3105 1.218363 1.604738 5.815127 123.49396 0.077562 0.005261 0.02292 33.35228 353.879 4180 511.2884 25.62864 1082.074167 72.34146 255.4852 424.4463 1.186926 1.727537 1.622389 1.318852 130.2685 13.76926 0.08136 0.016059 0.212595 14460.81 3797.449 11.00541 14190.67 3754.787 38.49248 1.219019
27.80901 1.632654 1127.955 240.801 1.139045 1.539291 0 148.619223 0.08668 0 0.02292 27.80901 353.879 4180 350.712 25.23398 0 0 0 0 0 0 0 0 0 0 0 0 0.212595 14460.81 3797.449 11.00541 0 0 38.49248 1.219019
25.9244 1.636294 1137.049 237.8866 1.129622 1.525745 0 152.498444 0.087728 0 0.02292 25.9244 353.879 4180 104.6944 25.11617 0 0 0 0 0 0 0 0 0 0 0 0 0.212595 14460.81 3797.449 11.00541 0 0 38.49248 1.219019
24.88013 1.631438 1141.555 236.3202 1.124401 1.518652 0 154.61015 0.088297 0 0.02292 24.88013 353.879 4180 48.92506 25.06112 0 0 0 0 0 0 0 0 0 0 0 0 0.212595 14460.81 3797.449 11.00541 0 0 38.49248 1.219019
25.31442 1.622556 1139.57 236.9716 1.126572 1.52175 0 153.699015 0.08805 0 0.02292 25.31442 353.879 4180 -13.9343 25.0768 0 0 0 0 0 0 0 0 0 0 0 0 0.212595 14460.81 3797.449 11.00541 0 0 38.49248 1.219019
G=800 kg/m 2 .s
 
 266
 
 
Experimental data for condensing R22 in micro-fin tubes with a helix angle of 18º 
 
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
124.0388 1.594052 45.8947 488.3825 1.899588 0.836636 0 17.18917 0.017739 0 0.019564 124.0388 311.9463 0 0 32.58581 0 0 0 0 0 0 0 0 0 0 0 0 0.145714 10903.07 4514.769 11.9146 0 0 39.93397 0.493547
41.65301 1.59627 73.41749 415.8283 1.69424 1.013261 99.59204 14.12445 0.013485 0.005821 0.019564 41.23709 311.9463 4179 1419.445 30.2548 1121.373 69.12468 251.8508 416.5 1.173627 1.696373 1.350254 1.011881 136.6492 13.62254 0.076125 0.013229 0.145714 10903.07 4514.769 11.9146 11080.84 8362.713 39.93397 0.493547
41.43201 1.587769 402.6737 364.1919 1.530826 1.116861 68.30098 52.71696 0.033181 0.005847 0.019564 40.92402 311.9463 4179 1010.211 28.59583 1122.223 68.72516 251.5331 416.4777 1.172777 1.697 1.348554 1.009331 136.9892 13.60554 0.076227 0.013203 0.145714 10903.07 4514.769 11.9146 11080.84 5246.46 39.93397 0.493547
41.24555 1.580598 754.0633 309.0649 1.355681 1.22821 34.97949 94.01174 0.05423 0.005868 0.019564 40.3402 311.9463 4179.145 1078.5 26.82479 1122.94 68.38811 251.3179 416.406 1.17206 1.697 1.34712 1.007179 137.2761 13.5912 0.076313 0.013182 0.145714 10903.07 4514.769 11.9146 10897.76 3404.292 39.93397 0.493547
40.92318 1.568266 1023.082 266.6909 1.220292 1.313004 9.569776 125.9748 0.070401 0.005915 0.019564 37.23458 311.9463 4179.928 829.0012 25.46371 1124.173 67.81023 250.848 416.4 1.169827 1.697173 1.345653 1.00448 137.8694 13.57653 0.076461 0.013135 0.145714 10903.07 4514.769 11.9146 10696.18 2750.148 39.93397 0.493547
29.2145 1.573308 1176.608 235.5789 1.120858 1.270606 0 159.3857 0.082108 0 0.019564 29.2145 311.9463 4180 493.3049 24.6538 0 0 0 0 0 0 0 0 0 0 0 0 0.145714 10903.07 4514.769 11.9146 0 0 39.93397 0.493547
26.12363 1.57348 1189.505 231.6607 1.107495 1.255149 0 165.259 0.083561 0 0.019564 26.12363 311.9463 4180 -47.9271 24.73248 0 0 0 0 0 0 0 0 0 0 0 0 0.145714 10903.07 4514.769 11.9146 0 0 39.93397 0.493547
24.73954 1.570595 1195.042 229.9614 1.101958 1.248546 0 167.9468 0.084206 0 0.019564 24.73954 311.9463 4180 155.8009 24.47669 0 0 0 0 0 0 0 0 0 0 0 0 0.145714 10903.07 4514.769 11.9146 0 0 39.93397 0.493547
24.83821 1.568014 1194.647 230.0897 1.102353 1.248993 0 167.7493 0.084159 0 0.019564 24.83821 311.9463 4180 46.39185 24.40052 0 0 0 0 0 0 0 0 0 0 0 0 0.145714 10903.07 4514.769 11.9146 0 0 39.93397 0.493547
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
111.7916 1.629897 49.17927 477.8343 1.871191 0.839346 0 16.69362 0.016915 0 0.026571 111.7916 423.6798 0 0 30.33172 0 0 0 0 0 0 0 0 0 0 0 0 0.221104 14591.93 5098.759 13.85122 0 0 40.07428 0.179319
42.43744 1.626824 136.448 406.2978 1.662677 1.041214 93.70648 21.32353 0.017266 0.005713 0.026571 41.84431 423.6798 4179 1900.822 28.27453 1117.318 70.57075 252.9047 416.6 1.176682 1.695318 1.356365 1.020047 135.327 13.66682 0.075765 0.013337 0.221104 14591.93 5098.759 13.85122 14813.35 8194.14 40.07428 0.179319
42.06468 1.612187 478.3259 352.7022 1.493355 1.147093 61.08833 61.22094 0.037664 0.005763 0.026571 41.28769 423.6798 4179.248 1424.109 26.73337 1119.563 69.87499 252.3875 416.6 1.175219 1.696 1.353437 1.015656 135.9125 13.64438 0.075934 0.013287 0.221104 14591.93 5098.759 13.85122 14813.35 5650.73 40.07428 0.179319
41.74266 1.599718 834.4439 296.8156 1.316225 1.258836 27.24855 103.0278 0.058959 0.005811 0.026571 40.63239 423.6798 4180 1484.982 25.12662 1121.028 69.28673 251.9887 416.5 1.173972 1.696028 1.350943 1.012915 136.5113 13.62944 0.076083 0.013239 0.221104 14591.93 5098.759 13.85122 14580.96 3839.433 40.07428 0.179319
41.31942 1.583439 1094.76 255.7705 1.186228 1.338699 2.646375 133.8924 0.074609 0.00586 0.026571 36.53272 423.6798 4180 1090.625 23.94656 1122.656 68.52165 251.4032 416.4344 1.172344 1.697 1.347688 1.008032 137.1624 13.59688 0.076279 0.01319 0.221104 14591.93 5098.759 13.85122 14324.64 3350.462 40.07428 0.179319
28.42409 1.591079 1180.228 234.6089 1.117696 1.266299 0 160.9112 0.082494 0 0.026571 28.42409 423.6798 4180.165 512.1864 23.39239 0 0 0 0 0 0 0 0 0 0 0 0 0.221104 14591.93 5098.759 13.85122 0 0 40.07428 0.179319
25.09144 1.588425 1193.634 230.4097 1.103366 1.249689 0 167.301 0.084058 0 0.026571 25.09144 423.6798 4180.288 -59.203 23.45645 0 0 0 0 0 0 0 0 0 0 0 0 0.221104 14591.93 5098.759 13.85122 0 0 40.07428 0.179319
23.66783 1.584801 1199.329 228.6014 1.097671 1.243643 0 170.0804 0.084711 0 0.026571 23.66783 423.6798 4180.333 226.7117 23.21116 0 0 0 0 0 0 0 0 0 0 0 0 0.221104 14591.93 5098.759 13.85122 0 0 40.07428 0.179319
23.63857 1.583555 1199.446 228.5663 1.097554 1.243522 0 170.1328 0.084723 0 0.026571 23.63857 423.6798 4180.414 71.04884 23.1343 0 0 0 0 0 0 0 0 0 0 0 0 0.221104 14591.93 5098.759 13.85122 0 0 40.07428 0.179319
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
111.1373 1.634297 49.45046 477.2668 1.869531 0.839783 0 16.66921 0.016876 0 0.031256 111.1373 498.3731 0 0 30.30287 0 0 0 0 0 0 0 0 0 0 0 0 0.26787 16864.01 5590.74 13.90466 0 0 40.3677 0.376933
42.45665 1.627563 128.1511 407.601 1.666737 1.038756 94.50187 20.35494 0.016772 0.00571 0.031256 41.9467 498.3731 4179 2177.461 28.35772 1117.244 70.60547 252.9269 416.6 1.176756 1.695244 1.356513 1.020269 135.2975 13.66756 0.075757 0.01334 0.26787 16864.01 5590.74 13.90466 17099.45 9189.251 40.3677 0.376933
41.9784 1.608785 453.1536 356.603 1.50577 1.13814 63.49604 58.32765 0.036163 0.005775 0.031256 41.33887 498.3731 4179.177 1593.986 26.93385 1120.122 69.71288 252.2635 416.5879 1.174878 1.696 1.352757 1.014757 136.0608 13.63879 0.075975 0.013275 0.26787 16864.01 5590.74 13.90466 17099.45 6533.519 40.3677 0.376933
41.49652 1.590251 781.9015 304.8556 1.342217 1.23959 32.29159 97.08107 0.055858 0.005839 0.031256 40.60039 498.3731 4179.894 1617.406 25.48931 1121.975 68.84178 251.61 416.5 1.173025 1.696975 1.34905 1.010075 136.89 13.6105 0.076197 0.013211 0.26787 16864.01 5590.74 13.90466 16850.92 4602.766 40.3677 0.376933
40.99895 1.571114 1033.706 265.0752 1.215212 1.316998 8.540451 127.1402 0.071022 0.005906 0.031256 37.58485 498.3731 4180 1243.37 24.37886 1123.889 67.94233 250.9445 416.4 1.170223 1.697 1.346111 1.005223 137.7443 13.58111 0.076427 0.013144 0.26787 16864.01 5590.74 13.90466 16584.91 3782.371 40.3677 0.376933
30.74651 1.574677 1170.139 237.5705 1.126986 1.278239 0 156.4803 0.081389 0 0.031256 30.74651 498.3731 4180 821.2439 23.6454 0 0 0 0 0 0 0 0 0 0 0 0 0.26787 16864.01 5590.74 13.90466 0 0 40.3677 0.376933
25.90951 1.57277 1190.362 231.3914 1.106638 1.254092 0 165.6679 0.083661 0 0.031256 25.90951 498.3731 4180.18 10.30338 23.6362 0 0 0 0 0 0 0 0 0 0 0 0 0.26787 16864.01 5590.74 13.90466 0 0 40.3677 0.376933
24.11926 1.570453 1197.523 229.155 1.099477 1.246068 0 169.1503 0.084492 0 0.031256 24.11926 498.3731 4180.237 248.3679 23.4144 0 0 0 0 0 0 0 0 0 0 0 0 0.26787 16864.01 5590.74 13.90466 0 0 40.3677 0.376933
23.89543 1.569141 1198.418 228.8745 1.098582 1.245094 0 169.5817 0.084593 0 0.031256 23.89543 498.3731 4180.321 124.0775 23.30359 0 0 0 0 0 0 0 0 0 0 0 0 0.26787 16864.01 5590.74 13.90466 0 0 40.3677 0.376933
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
109.0122 1.643644 50.17768 475.3744 1.863543 0.840902 0 16.57932 0.016737 0 0.036706 109.0122 585.2698 0 0 30.54737 0 0 0 0 0 0 0 0 0 0 0 0 0.305861 18687.17 6209.634 13.66343 0 0 40.53995 0.298657
42.59511 1.633005 109.4023 410.6044 1.675922 1.034261 96.31482 18.14996 0.015656 0.005691 0.036706 42.07929 585.2698 4179 2377.419 28.68738 1116.7 70.86122 253.1202 416.6301 1.1773 1.695 1.3573 1.021901 135.0798 13.67601 0.075694 0.013359 0.305861 18687.17 6209.634 13.66343 18935.52 10230.12 40.53995 0.298657
41.9947 1.609412 411.8461 363.0753 1.526283 1.124974 67.42851 53.50366 0.033697 0.005772 0.036706 41.37305 585.2698 4179 1744.583 27.3225 1120.059 69.74235 252.2824 416.5941 1.174941 1.696 1.352882 1.014882 136.0294 13.63941 0.075967 0.013278 0.305861 18687.17 6209.634 13.66343 18935.52 7517.24 40.53995 0.298657
41.25653 1.58102 710.4228 315.9033 1.377422 1.214249 39.11609 88.88544 0.051616 0.005867 0.036706 40.45147 585.2698 4179.677 1731.478 25.96809 1122.898 68.40795 251.3306 416.4102 1.172102 1.697 1.347204 1.007306 137.2592 13.59204 0.076308 0.013183 0.305861 18687.17 6209.634 13.66343 18671.69 5547.997 40.53995 0.298657
40.56083 1.554647 947.6391 278.3515 1.257695 1.285228 16.85076 117.3734 0.065919 0.005961 0.036706 38.25597 585.2698 4180 1378.36 24.88998 1126.071 67.17843 250.3859 416.3465 1.168465 1.698 1.342929 1.000501 138.4141 13.5493 0.076624 0.013094 0.305861 18687.17 6209.634 13.66343 18397.1 4445.12 40.53995 0.298657
34.58373 1.554379 1153.665 242.4589 1.143335 1.301415 0 149.3048 0.079534 0 0.036706 34.58373 585.2698 4180 1153.645 23.98764 0 0 0 0 0 0 0 0 0 0 0 0 0.305861 18687.17 6209.634 13.66343 0 0 40.53995 0.298657
27.69547 1.553038 1183.218 233.7041 1.114477 1.263417 0 162.1865 0.082806 0 0.036706 27.69547 585.2698 4180.046 201.5576 23.82998 0 0 0 0 0 0 0 0 0 0 0 0 0.305861 18687.17 6209.634 13.66343 0 0 40.53995 0.298657
24.94504 1.549337 1194.207 230.2286 1.10278 1.249793 0 167.5018 0.084095 0 0.036706 24.94504 585.2698 4180.154 352.5372 23.55425 0 0 0 0 0 0 0 0 0 0 0 0 0.305861 18687.17 6209.634 13.66343 0 0 40.53995 0.298657
24.23035 1.546406 1197.007 229.2995 1.099921 1.246938 0 168.8535 0.084421 0 0.036706 24.23035 585.2698 4180.255 162.5797 23.42709 0 0 0 0 0 0 0 0 0 0 0 0 0.305861 18687.17 6209.634 13.66343 0 0 40.53995 0.298657
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
98.49157 1.695915 54.25618 465.9833 1.83631 0.850013 0 16.15803 0.016086 0 0.046462 98.49157 740.8292 0 0 30.90202 0 0 0 0 0 0 0 0 0 0 0 0 0.315023 19009.23 6708.161 13.80167 0 0 40.25046 0.059767
43.67688 1.675875 118.7783 409.6406 1.671386 1.048389 95.58674 19.02057 0.016226 0.005552 0.046462 43.01598 740.8292 4179 2617.769 28.91356 1112.412 72.90201 254.5762 416.8 1.181588 1.694 1.365175 1.033762 133.265 13.74588 0.075195 0.013504 0.315023 19009.23 6708.161 13.80167 19407.17 11021.76 40.25046 0.059767
42.87996 1.644229 392.9534 366.4502 1.535918 1.127702 69.20462 50.94004 0.032537 0.005657 0.046462 42.04184 740.8292 4179 2006.696 27.38927 1115.577 71.393 253.5269 416.7 1.178423 1.695 1.358846 1.024846 134.6308 13.69846 0.075559 0.013393 0.315023 19009.23 6708.161 13.80167 19407.17 8407.884 40.25046 0.059767
41.66734 1.596821 652.9121 325.1619 1.40635 1.199751 44.51819 81.86823 0.048122 0.00582 0.046462 40.67191 740.8292 4179.67 1918.324 25.93234 1121.318 69.15057 251.8728 416.5 1.173682 1.696318 1.350364 1.012046 136.6272 13.62364 0.076118 0.01323 0.315023 19009.23 6708.161 13.80167 19104.18 6617.272 40.25046 0.059767
40.58033 1.555397 864.8966 291.3279 1.299078 1.258669 24.65498 107.6065 0.060955 0.005958 0.046462 38.54256 740.8292 4180 1571.981 24.73855 1125.921 67.21368 250.4159 416.354 1.16854 1.698 1.343079 1.000711 138.3841 13.5508 0.076615 0.013096 0.315023 19009.23 6708.161 13.80167 18803.97 5491.488 40.25046 0.059767
40.47594 1.551382 1061.443 260.485 1.200779 1.321166 6.16028 130.8442 0.072747 0.005974 0.046462 36.97999 740.8292 4180 1433.012 23.6503 1126.724 67.02497 250.2553 416.3138 1.168138 1.698 1.342276 0.999587 138.5447 13.54277 0.076663 0.013084 0.315023 19009.23 6708.161 13.80167 18561.34 4102.133 40.25046 0.059767
30.5361 1.543443 1170.856 237.2969 1.126144 1.277812 0 156.7622 0.081462 0 0.046462 30.5361 740.8292 4180.316 742.6521 23.08636 0 0 0 0 0 0 0 0 0 0 0 0 0.315023 19009.23 6708.161 13.80167 0 0 40.25046 0.059767
25.77303 1.541379 1190.735 231.2276 1.106092 1.253904 0 165.8328 0.083699 0 0.046462 25.77303 740.8292 4180.552 500.4387 22.70636 0 0 0 0 0 0 0 0 0 0 0 0 0.315023 19009.23 6708.161 13.80167 0 0 40.25046 0.059767
23.97181 1.540081 1197.914 228.9662 1.098887 1.245865 0 169.336 0.084535 0 0.046462 23.97181 740.8292 4180.69 227.8526 22.53336 0 0 0 0 0 0 0 0 0 0 0 0 0.315023 19009.23 6708.161 13.80167 0 0 40.25046 0.059767
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
89.97011 1.683125 55.80281 458.8429 1.81729 0.855507 0 15.78205 0.015545 0 0.051938 89.97011 828.1533 0 0 29.3922 0 0 0 0 0 0 0 0 0 0 0 0 0.356131 20516.81 7061.288 14.35265 0 0 39.38369 0.13437
43.21997 1.657599 160.257 402.9203 1.650686 1.056491 91.53437 23.90839 0.018686 0.005617 0.051938 42.52592 828.1533 4179 2904.516 27.4406 1114.24 72.02715 253.928 416.7 1.17976 1.69424 1.36152 1.02828 134.096 13.7176 0.075406 0.01344 0.356131 20516.81 7061.288 14.35265 20945.29 11263.21 39.38369 0.13437
42.17723 1.616689 433.523 359.7468 1.515655 1.133925 65.34027 55.96565 0.03499 0.00575 0.051938 41.36053 828.1533 4179.656 2242.356 25.93415 1118.662 70.09108 252.5676 416.6 1.175669 1.696 1.354338 1.017007 135.7324 13.65338 0.07588 0.0133 0.356131 20516.81 7061.288 14.35265 20945.29 8759.752 39.38369 0.13437
40.68775 1.559529 692.2498 318.4384 1.385459 1.203931 40.9237 87.20345 0.050597 0.005942 0.051938 39.81712 828.1533 4180 2145.483 24.4929 1125.094 67.40786 250.5812 416.3953 1.168953 1.698 1.343906 1.001868 138.2188 13.55906 0.076566 0.013109 0.356131 20516.81 7061.288 14.35265 20615.8 6957.867 39.38369 0.13437
39.58474 1.517953 899.3247 285.344 1.280633 1.26158 21.68419 112.6327 0.063165 0.006088 0.051938 37.51462 828.1533 4180.042 1718.864 23.33825 1130.205 65.46585 249.1181 416.1795 1.164795 1.699 1.336591 0.990668 140.0819 13.49591 0.077065 0.012964 0.356131 20516.81 7061.288 14.35265 20285.86 5796.563 39.38369 0.13437
39.39051 1.51076 1084.74 256.0791 1.187256 1.320143 4.333339 134.8711 0.074369 0.006117 0.051938 35.70025 828.1533 4180.586 1519.97 22.31734 1130.924 65.13494 248.8304 416.1076 1.164076 1.699 1.335152 0.988798 140.3696 13.48152 0.077151 0.012942 0.356131 20516.81 7061.288 14.35265 20025.15 4366.487 39.38369 0.13437
28.63885 1.50026 1178.446 234.8666 1.118555 1.268194 0 160.1872 0.08232 0 0.051938 28.63885 828.1533 4180.964 727.8318 21.82852 0 0 0 0 0 0 0 0 0 0 0 0 0.356131 20516.81 7061.288 14.35265 0 0 39.38369 0.13437
24.42312 1.498347 1195.308 229.5501 1.100692 1.248135 0 168.3472 0.08429 0 0.051938 24.42312 828.1533 4181.177 543.9386 21.46323 0 0 0 0 0 0 0 0 0 0 0 0 0.356131 20516.81 7061.288 14.35265 0 0 39.38369 0.13437
22.73859 1.491518 1202.046 227.4863 1.093954 1.240737 0 171.6014 0.085073 0 0.051938 22.73859 828.1533 4181.305 219.6441 21.31572 0 0 0 0 0 0 0 0 0 0 0 0 0.356131 20516.81 7061.288 14.35265 0 0 39.38369 0.13437  
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Experimental data for condensing R134a in micro-fin tubes with a helix angle of 18º 
 
G=800 kg/m 2 .s
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L)Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
80.01933 1.234823 50.404475 459.0337 1.816589 1.078249 0 14.334703 0.018436 0 0.051415 80.01933 819.8097 0 0 32.35283 0 0 0 0 0 0 0 0 0 0 0 0 0.428561 24439.57 7349.147 12.05787 0 0 40.86953 0.465546
46.27897 1.19903 215.932948 398.9748 1.6369 1.25396 85.25864 33.176291 0.024441 0.005344 0.051415 45.27126 819.8097 4179 3087.928 30.62865 1119.193945 59.75764 265.8612 421.9903 1.219903 1.709 1.538806 1.204709 150.4582 12.89806 0.072014 0.016216 0.428561 24439.57 7349.147 12.05787 24815.98 10379.33 40.86953 0.465546
44.68671 1.150506 512.841684 354.1094 1.497333 1.332991 57.40236 72.805564 0.040161 0.005538 0.051415 43.51611 819.8097 4179 2306.749 29.34065 1126.898744 57.15683 263.4253 421.4051 1.212101 1.709 1.528101 1.188202 153.6646 12.80101 0.072703 0.016012 0.428561 24439.57 7349.147 12.05787 24815.98 8650.752 40.86953 0.465546
42.66498 1.091285 766.553237 314.9498 1.375851 1.396525 34.07626 108.359432 0.053873 0.005794 0.051415 41.25052 819.8097 4179 2013.391 28.21645 1134.87149 54.00682 260.3771 420.5257 1.203128 1.71 1.514386 1.168514 157.81 12.69257 0.073571 0.015765 0.428561 24439.57 7349.147 12.05787 24487.81 7451.257 40.86953 0.465546
41.07559 1.046266 932.938196 289.0904 1.294283 1.437484 19.20124 132.636215 0.062979 0.005989 0.051415 38.42801 819.8097 4179.077 1329.556 27.47409 1142.373371 51.63585 258.0133 419.8627 1.195253 1.711 1.50488 1.15388 161.1614 12.60253 0.074246 0.015565 0.428561 24439.57 7349.147 12.05787 24182.99 6755.944 40.86953 0.465546
40.49547 1.030152 1089.741814 265.3108 1.21916 1.483264 5.047409 154.825945 0.07152 0.006069 0.051415 35.88175 819.8097 4179.434 1222.625 26.7915 1144.969639 50.78805 257.1091 419.603 1.193015 1.711 1.50103 1.149046 162.3879 12.5703 0.074498 0.015501 0.428561 24439.57 7349.147 12.05787 23993.67 5586.078 40.86953 0.465546
31.40201 1.024831 1183.391948 243.7628 1.149311 1.449513 0 183.434493 0.078581 0 0.051415 31.40201 819.8097 4179.672 486.8318 26.51971 0 0 0 0 0 0 0 0 0 0 0 0 0.428561 24439.57 7349.147 12.05787 0 0 40.86953 0.465546
28.75736 1.020708 1193.970548 239.936 1.136787 1.437373 0 189.865158 0.079753 0 0.051415 28.75736 819.8097 4179.812 515.7276 26.2318 0 0 0 0 0 0 0 0 0 0 0 0 0.428561 24439.57 7349.147 12.05787 0 0 40.86953 0.465546
27.44333 1.017918 1199.226689 238.0207 1.130574 1.431058 0 193.063359 0.080331 0 0.051415 27.44333 819.8097 4179.933 349.4036 26.03676 0 0 0 0 0 0 0 0 0 0 0 0 0.428561 24439.57 7349.147 12.05787 0 0 40.86953 0.465546
G=700 kg/m 2 .s
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L)Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
79.58211 1.16169 46.972672 459.6631 1.822577 1.065522 0 14.287961 0.018332 0 0.045118 79.58211 719.4014 0 0 31.04583 0 0 0 0 0 0 0 0 0 0 0 0 0.285679 17697.95 6627.766 12.78008 0 0 39.37253 0.429794
44.14186 1.134299 156.409819 406.3408 1.662911 1.21509 90.66272 26.03038 0.021268 0.005609 0.045118 43.39102 719.4014 4179 2405.781 29.03069 1128.570123 56.28784 262.6149 421.143 1.20986 1.70957 1.52386 1.18329 154.7991 12.7686 0.072936 0.015947 0.285679 17697.95 6627.766 12.78008 18068.81 9544.15 39.37253 0.429794
42.66111 1.091175 439.080504 363.4667 1.529416 1.291695 64.37358 64.395347 0.03636 0.005794 0.045118 41.81091 719.4014 4179 1934.383 27.41041 1134.882528 54.00108 260.3705 420.5235 1.203117 1.71 1.514352 1.16847 157.8178 12.69235 0.073572 0.015765 0.285679 17697.95 6627.766 12.78008 18068.81 7725.634 39.37253 0.429794
40.63455 1.034015 696.880493 323.7668 1.405192 1.357936 40.91793 100.906174 0.050327 0.00605 0.045118 39.57423 719.4014 4179.67 1791.169 25.91032 1144.196953 50.99281 257.3409 419.6803 1.193402 1.711 1.501803 1.150205 162.0788 12.57803 0.074436 0.015516 0.285679 17697.95 6627.766 12.78008 17767.93 6618.152 39.37253 0.429794
38.97063 0.988936 877.43149 295.5909 1.316192 1.404139 24.82401 127.580254 0.060297 0.006255 0.045118 37.00193 719.4014 4180 1271.234 24.84576 1151.106409 48.64573 254.8468 418.9787 1.185787 1.711106 1.492787 1.135681 165.5851 12.48787 0.075147 0.015325 0.285679 17697.95 6627.766 12.78008 17474.7 5910.192 39.37253 0.429794
38.30571 0.971203 1059.880133 267.8637 1.227206 1.457899 8.487976 153.965991 0.070322 0.006344 0.045118 35.08458 719.4014 4180 1250.988 23.79815 1153.759429 47.73255 253.8722 418.712 1.182241 1.712 1.488361 1.129481 167.0917 12.45241 0.075431 0.015245 0.285679 17697.95 6627.766 12.78008 17276.78 4665.331 39.37253 0.429794
31.00612 0.962331 1184.975525 243.2086 1.148029 1.448784 0 184.134643 0.078707 0 0.045118 31.00612 719.4014 4180.244 682.6566 23.22651 0 0 0 0 0 0 0 0 0 0 0 0 0.285679 17697.95 6627.766 12.78008 0 0 39.37253 0.429794
26.9942 0.960445 1201.023192 237.3919 1.128971 1.429768 0 193.956851 0.080481 0 0.045118 26.9942 719.4014 4180.511 595.3502 22.72801 0 0 0 0 0 0 0 0 0 0 0 0 0.285679 17697.95 6627.766 12.78008 0 0 39.37253 0.429794
24.70404 0.955467 1209.293172 234.1561 1.11752 1.419816 0 199.791361 0.081495 0 0.045118 24.70404 719.4014 4180.707 339.9384 22.44339 0 0 0 0 0 0 0 0 0 0 0 0 0.285679 17697.95 6627.766 12.78008 0 0 39.37253 0.429794
G=600 kg/m 2 .s
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L)Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
85.64958 1.182888 46.638724 465.7891 1.83866 1.065262 0 14.539138 0.018796 0 0.038579 85.64958 615.138 0 0 33.38222 0 0 0 0 0 0 0 0 0 0 0 0 0.294137 18625.79 6400.043 11.32788 0 0 40.9008 0.455825
45.08452 1.162561 131.75687 410.6338 1.674723 1.21618 93.0682 22.531116 0.019977 0.00549 0.038579 44.21257 615.138 4179 2127.827 31.65115 1124.743877 57.79831 264.0537 421.5512 1.214512 1.709 1.530512 1.192768 152.8463 12.82512 0.072532 0.016063 0.294137 18625.79 6400.043 11.32788 18944.82 9532.893 40.9008 0.455825
44.05032 1.131525 418.278352 367.5599 1.540868 1.297525 66.24077 60.77888 0.035193 0.005622 0.038579 43.00621 615.138 4179 1661.738 30.29926 1128.847528 56.14081 262.4762 421.1153 1.209305 1.709848 1.523305 1.182457 154.9933 12.76305 0.072977 0.015936 0.294137 18625.79 6400.043 11.32788 18944.82 7542.78 40.9008 0.455825
42.63963 1.090561 686.931893 326.7195 1.41316 1.370791 41.44519 97.694915 0.049618 0.005797 0.038579 41.39065 615.138 4179 1575.574 29.01747 1134.943915 53.96916 260.3336 420.5112 1.203056 1.71 1.514168 1.168224 157.8607 12.69112 0.073582 0.015762 0.294137 18625.79 6400.043 11.32788 18690.72 6143.113 40.9008 0.455825
41.42667 1.056019 878.973009 297.3926 1.320629 1.423077 24.05033 124.87297 0.060033 0.005946 0.038579 39.02 615.138 4179 1131.398 28.09703 1140.796268 52.14899 258.5611 420.0204 1.197204 1.710398 1.507204 1.157407 160.4185 12.62204 0.0741 0.01561 0.294137 18625.79 6400.043 11.32788 18437.74 5406.864 40.9008 0.455825
41.13818 1.048005 1069.038182 268.9543 1.23018 1.481852 6.709134 151.081031 0.070285 0.00598 0.038579 36.87459 615.138 4179.175 1097.116 27.20452 1142.199495 51.72626 258.1003 419.88 1.195601 1.711 1.505402 1.154401 161.0396 12.60601 0.07422 0.015572 0.294137 18625.79 6400.043 11.32788 18263.62 4366.322 40.9008 0.455825
32.0697 1.044751 1180.721221 244.7045 1.152348 1.452453 0 181.911742 0.078303 0 0.038579 32.0697 615.138 4179.494 473.9789 26.81897 0 0 0 0 0 0 0 0 0 0 0 0 0.294137 18625.79 6400.043 11.32788 0 0 40.9008 0.455825
29.01583 1.04034 1192.93668 240.3222 1.138079 1.438269 0 189.32178 0.079655 0 0.038579 29.01583 615.138 4179.666 371.1815 26.51705 0 0 0 0 0 0 0 0 0 0 0 0 0.294137 18625.79 6400.043 11.32788 0 0 40.9008 0.455825
27.59854 1.037937 1198.605858 238.2379 1.13109 1.431539 0 192.755415 0.08028 0 0.038579 27.59854 615.138 4179.797 274.705 26.29361 0 0 0 0 0 0 0 0 0 0 0 0 0.294137 18625.79 6400.043 11.32788 0 0 40.9008 0.455825
G=500 kg/m 2 .s
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L)Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
86.71098 1.143176 44.60132 467.4776 1.845815 1.059045 0 14.56571 0.018841 0 0.032519 86.71098 518.51 0 0 33.18964 0 0 0 0 0 0 0 0 0 0 0 0 0.28471 18207.36 6053.845 10.25145 0 0 40.04 0.79962
43.9251 1.127797 124.550546 410.9298 1.677967 1.20294 93.60899 21.862693 0.019569 0.005639 0.032519 43.06951 518.51 4179 1838.862 31.64413 1129.440613 55.94324 262.2898 421.078 1.20878 1.71 1.522559 1.181119 155.2542 12.75559 0.073031 0.015919 0.28471 18207.36 6053.845 10.25145 18485.69 9065.639 40.04 0.79962
43.10303 1.103913 422.605204 366.2782 1.53765 1.290734 65.88588 61.913209 0.035454 0.005734 0.032519 42.0685 518.51 4179 1452.014 30.42374 1133.217482 54.66737 261.0956 420.7391 1.204783 1.71 1.517783 1.173174 156.9261 12.71783 0.073381 0.015816 0.28471 18207.36 6053.845 10.25145 18485.69 7032.773 40.04 0.79962
42.05695 1.073913 700.396821 324.3916 1.405642 1.370532 40.34729 100.006771 0.050371 0.005864 0.032519 40.78218 518.51 4179 1362.096 29.27894 1138.217419 53.08739 259.4956 420.3391 1.199783 1.71 1.510783 1.163174 159.087 12.65783 0.073831 0.015686 0.28471 18207.36 6053.845 10.25145 18261.21 5547.449 40.04 0.79962
41.09278 1.046744 893.867866 294.9028 1.312816 1.425064 22.78039 127.293476 0.060873 0.005986 0.032519 38.42951 518.51 4179 958.9398 28.47297 1142.325611 51.66068 258.0372 419.8674 1.195349 1.711 1.505023 1.154023 161.1279 12.60349 0.074239 0.015567 0.28471 18207.36 6053.845 10.25145 18040.25 4897.088 40.04 0.79962
40.95342 1.042873 1089.039766 265.8108 1.219975 1.486598 4.918469 154.080068 0.071408 0.006006 0.032519 35.85031 518.51 4179 946.0321 27.67786 1142.712718 51.45939 257.8437 419.8287 1.194575 1.711 1.503862 1.152862 161.3989 12.59575 0.074297 0.015551 0.28471 18207.36 6053.845 10.25145 17891.93 4178.355 40.04 0.79962
31.106 1.041232 1184.576015 243.3484 1.147687 1.447705 0 184.210539 0.078726 0 0.032519 31.106 518.51 4179.223 296.2807 27.42885 0 0 0 0 0 0 0 0 0 0 0 0 0.28471 18207.36 6053.845 10.25145 0 0 40.04 0.79962
28.81329 1.040268 1193.746839 240.0199 1.137066 1.437261 0 189.809173 0.079744 0 0.032519 28.81329 518.51 4179.342 267.5839 27.20398 0 0 0 0 0 0 0 0 0 0 0 0 0.28471 18207.36 6053.845 10.25145 0 0 40.04 0.79962
27.87691 1.038252 1197.492367 238.6277 1.132413 1.432714 0 192.060741 0.080156 0 0.032519 27.87691 518.51 4179.439 193.652 27.04123 0 0 0 0 0 0 0 0 0 0 0 0 0.28471 18207.36 6053.845 10.25145 0 0 40.04 0.79962
G=400 kg/m 2 .s
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L)Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
90.38565 1.129317 43.278277 471.5498 1.858225 1.056518 0 14.705558 0.019107 0 0.026953 90.38565 429.7583 0 0 34.23749 0 0 0 0 0 0 0 0 0 0 0 0 0.26284 17374.66 5805.806 9.015136 0 0 40.12313 0.866006
43.66068 1.12002 110.470641 412.8727 1.684356 1.19553 94.89155 20.048113 0.018805 0.00567 0.026953 42.80188 429.7583 4179 1581.5 32.79768 1130.995984 55.53106 261.901 421.0002 1.208002 1.71 1.521004 1.178008 155.7986 12.74004 0.07314 0.01588 0.26284 17374.66 5805.806 9.015136 17612.36 8865.21 40.12313 0.866006
43.02729 1.101685 408.15705 368.3751 1.544303 1.285501 67.23165 60.020602 0.034684 0.005743 0.026953 42.03578 429.7583 4179 1199.325 31.7058 1133.662989 54.54931 260.9842 420.7169 1.204337 1.71 1.517337 1.172506 157.082 12.71337 0.073415 0.015807 0.26284 17374.66 5805.806 9.015136 17612.36 6707.357 40.12313 0.866006
42.3043 1.08098 697.869457 324.9029 1.407347 1.371643 40.51671 99.433957 0.050221 0.005836 0.026953 41.05732 429.7583 4179 1171.688 30.63909 1136.803989 53.46194 259.849 420.4098 1.201196 1.71 1.512196 1.165294 158.5314 12.67196 0.073725 0.015715 0.26284 17374.66 5805.806 9.015136 17424.79 5110.96 40.12313 0.866006
41.56654 1.059904 898.043489 294.6799 1.311893 1.430333 22.24728 127.297878 0.061046 0.00593 0.026953 38.65498 429.7583 4179 814.5882 29.89748 1140.019235 52.3549 258.7942 420.0981 1.197981 1.71001 1.507981 1.158962 160.1077 12.62981 0.074041 0.01563 0.26284 17374.66 5805.806 9.015136 17232.21 4622.747 40.12313 0.866006
41.51213 1.058392 1095.847504 265.2993 1.218626 1.4934 4.087509 154.195371 0.071675 0.005936 0.026953 36.0657 429.7583 4179 791.8839 29.17654 1140.321512 52.2748 258.7035 420.0679 1.197678 1.710161 1.507679 1.158357 160.2286 12.62679 0.074064 0.015622 0.26284 17374.66 5805.806 9.015136 17103.68 4063.632 40.12313 0.866006
31.83097 1.057804 1181.832197 244.3634 1.151155 1.451155 0 182.536894 0.078421 0 0.026953 31.83097 429.7583 4179 180.326 29.01237 0 0 0 0 0 0 0 0 0 0 0 0 0.26284 17374.66 5805.806 9.015136 0 0 40.12313 0.866006
29.88433 1.056821 1189.599101 241.5381 1.142422 1.442285 0 187.216452 0.079286 0 0.026953 29.88433 429.7583 4179 209.78 28.82139 0 0 0 0 0 0 0 0 0 0 0 0 0.26284 17374.66 5805.806 9.015136 0 0 40.12313 0.866006
29.26159 1.05596 1192.072836 240.6662 1.139308 1.439189 0 188.769858 0.07956 0 0.026953 29.26159 429.7583 4179 161.6127 28.67425 0 0 0 0 0 0 0 0 0 0 0 0 0.26284 17374.66 5805.806 9.015136 0 0 40.12313 0.866006
G=300 kg/m 2 .s
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L)Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
93.13317 1.07968 40.642277 475.077 1.871431 1.050562 0 14.787199 0.019278 0 0.018786 93.13317 299.5408 0 0 34.69493 0 0 0 0 0 0 0 0 0 0 0 0 0.220956 15432.18 5233.039 8.022661 0 0 40.17395 0.090631
42.1016 1.075189 120.597415 410.3554 1.678296 1.185159 93.78301 21.757367 0.019304 0.005859 0.018786 41.45081 299.5408 4179 1215.854 33.37818 1137.962283 53.155 259.5594 420.3519 1.200038 1.71 1.511038 1.163557 158.9849 12.66038 0.073812 0.015691 0.220956 15432.18 5233.039 8.022661 15563.82 8517.263 40.17395 0.090631
41.75139 1.065183 432.907115 363.821 1.531038 1.282485 65.0111 64.10793 0.036053 0.005904 0.018786 40.98516 299.5408 4179 874.1922 32.43144 1139.481731 52.6295 259.0591 420.2037 1.198518 1.71 1.509037 1.160555 159.7372 12.64037 0.073962 0.015651 0.220956 15432.18 5233.039 8.022661 15563.82 6063.534 40.17395 0.090631
41.4078 1.055494 761.024133 314.8704 1.376208 1.385018 34.89015 108.879035 0.053697 0.005948 0.018786 40.2662 299.5408 4179 919.5815 31.43555 1140.901129 52.1212 258.5297 420.0099 1.197099 1.710451 1.507099 1.157198 160.4605 12.62099 0.074108 0.015607 0.220956 15432.18 5233.039 8.022661 15422.33 4360.176 40.17395 0.090631
40.93975 1.042493 973.889167 282.8914 1.274418 1.449437 15.47327 138.396546 0.065212 0.006008 0.018786 37.99364 299.5408 4179 600.7539 30.78494 1142.750705 51.43964 257.8247 419.8249 1.194499 1.711 1.503748 1.152748 161.4255 12.59499 0.074303 0.01555 0.220956 15432.18 5233.039 8.022661 15265.05 3908.148 40.17395 0.090631
34.85534 1.043286 1169.463768 248.783 1.166277 1.467411 0 175.305855 0.077058 0 0.018786 34.85534 299.5408 4179 495.4327 30.2484 0 0 0 0 0 0 0 0 0 0 0 0 0.220956 15432.18 5233.039 8.022661 0 0 40.17395 0.090631
31.72117 1.043347 1182.11532 244.2096 1.150643 1.450739 0 182.742583 0.078456 0 0.018786 31.72117 299.5408 4179 29.34299 30.21662 0 0 0 0 0 0 0 0 0 0 0 0 0.220956 15432.18 5233.039 8.022661 0 0 40.17395 0.090631
30.45129 1.044495 1187.194823 242.3769 1.144855 1.444855 0 185.79487 0.079022 0 0.018786 30.45129 299.5408 4179 113.2763 30.09394 0 0 0 0 0 0 0 0 0 0 0 0 0.220956 15432.18 5233.039 8.022661 0 0 40.17395 0.090631
30.27508 1.041777 1187.899675 242.1126 1.144146 1.444146 0 186.206909 0.079098 0 0.018786 30.27508 299.5408 4179 110.0304 29.97478 0 0 0 0 0 0 0 0 0 0 0 0 0.220956 15432.18 5233.039 8.022661 0 0 40.17395 0.090631  
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Experimental data for condensing R407C in micro-fin tubes with a helix angle of 18º 
 
 
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
91.434079 1.829577 61.501576 478.32257 1.876936 1.102041 0 15.995109 0.018787 0 0.050993 91.434079 813.078361 0 0 32.742461 0 0 0 0 0 0 0 0 0 0 0 0 0.346266 20715.33902 7002.881656 11.9194 0 0 40.083202 0.09267
46.006076 1.803708 115.200844 419.592032 1.704313 1.394147 96.556387 17.82318 0.018987 0.004689 0.050993 46.212391 813.078361 4179 2994.832853 30.67284 1060.629157 81.482838 262.348347 425.200012 1.208371 1.722 1.665113 1.384483 122.851662 14.077417 0.079062 0.016845 0.346266 20715.33902 7002.881656 11.9194 21191.99995 9652.018656 40.083202 0.09267
44.150534 1.776079 367.819925 377.225645 1.57174 1.456966 70.764973 46.168672 0.035047 0.004772 0.050993 43.947049 813.078361 4179 2160.379423 29.17988 1064.392129 80.046094 261.343151 425.100006 1.205608 1.723 1.658216 1.373824 123.956852 14.032158 0.079407 0.01672 0.346266 20715.33902 7002.881656 11.9194 21191.99995 8521.762489 40.083202 0.09267
41.78288 1.722888 603.230674 337.237245 1.446545 1.508438 47.058592 73.312228 0.050154 0.004941 0.050993 41.538463 813.078361 4179 2039.119307 27.770718 1070.711211 77.310173 259.315526 424.899994 1.199289 1.724711 1.645578 1.354155 126.084483 13.942888 0.080082 0.016484 0.346266 20715.33902 7002.881656 11.9194 20874.15877 7546.937075 40.083202 0.09267
39.957992 1.678429 763.198116 309.708398 1.359894 1.541963 31.20336 92.36106 0.060568 0.005085 0.050993 38.547157 813.078361 4179.357144 1403.772153 26.800705 1075.314195 75.049878 257.552874 424.700012 1.193843 1.726 1.634686 1.337529 127.962841 13.866858 0.08065 0.016292 0.346266 20715.33902 7002.881656 11.9194 20554.58122 7210.563215 40.083202 0.09267
38.978668 1.671279 928.742441 282.057283 1.271832 1.589261 14.769758 111.352773 0.071219 0.005106 0.050993 36.77052 813.078361 4179.8432 1410.00695 25.826497 1076.744106 74.685255 257.338374 424.700012 1.193128 1.726 1.633256 1.335384 128.248824 13.852559 0.080743 0.016256 0.346266 20715.33902 7002.881656 11.9194 20348.51813 5780.379417 40.083202 0.09267
38.172976 1.657761 1026.060736 265.526117 1.218589 1.614009 5.194421 122.839203 0.077567 0.005149 0.050993 33.483631 813.078361 4180 842.969941 25.24409 1078.223941 74.008032 256.810419 424.600006 1.190776 1.726224 1.629552 1.330328 128.811968 13.82776 0.080929 0.016201 0.346266 20715.33902 7002.881656 11.9194 20118.74906 5481.219887 40.083202 0.09267
30.379683 1.649554 1116.101585 244.76986 1.151898 1.559046 0 143.538854 0.085257 0 0.050993 30.379683 813.078361 4180 836.246447 24.666329 0 0 0 0 0 0 0 0 0 0 0 0 0.346266 20715.33902 7002.881656 11.9194 0 0 40.083202 0.09267
27.498159 1.648389 1129.509204 240.298674 1.137491 1.536535 0 149.298859 0.086869 0 0.050993 27.498159 813.078361 4180 473.821959 24.338966 0 0 0 0 0 0 0 0 0 0 0 0 0.346266 20715.33902 7002.881656 11.9194 0 0 40.083202 0.09267
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
90.16914 1.758445 59.004653 477.784721 1.878832 1.093985 0 15.901833 0.01862 0 0.044059 90.16914 702.526817 0 0 30.739994 0 0 0 0 0 0 0 0 0 0 0 0 0.357569 20939.36966 6562.892462 12.739199 0 0 39.550001 0.165103
44.359646 1.737697 147.231291 413.450209 1.687463 1.37956 93.017007 21.753298 0.020974 0.004897 0.044059 44.470893 702.526817 4179 2834.543463 28.843067 1068.460536 78.072565 259.907894 424.976972 1.20077 1.724 1.649309 1.359309 125.492109 13.965395 0.07989 0.016551 0.357569 20939.36966 6562.892462 12.739199 21304.26153 8897.945888 39.550001 0.165103
42.468474 1.713996 421.620122 367.348039 1.542487 1.45201 65.341292 52.923259 0.038542 0.004968 0.044059 42.103829 702.526817 4179 2031.236434 27.483727 1071.600433 76.853781 258.959824 424.839947 1.1984 1.725 1.643199 1.350598 126.440171 13.927991 0.080198 0.016446 0.357569 20939.36966 6562.892462 12.739199 21304.26153 7845.883526 39.550001 0.165103
40.317838 1.674981 673.867011 324.63114 1.407395 1.514495 40.168299 82.212179 0.054819 0.005095 0.044059 39.8734 702.526817 4179.572974 1882.083229 26.224376 1076.003822 74.874025 257.449424 424.700012 1.193498 1.726 1.633996 1.336494 128.100767 13.859962 0.080695 0.016275 0.357569 20939.36966 6562.892462 12.739199 21004.71495 6721.084194 39.550001 0.165103
38.695514 1.642826 847.273381 295.085665 1.313469 1.556948 23.095132 102.770213 0.066116 0.005202 0.044059 36.884256 702.526817 4180 1301.75752 25.353426 1079.717405 73.254125 256.213042 424.528261 1.189283 1.727 1.626565 1.32513 129.486965 13.805652 0.081123 0.016141 0.357569 20939.36966 6562.892462 12.739199 20708.97468 6192.902524 39.550001 0.165103
37.840506 1.641203 1012.79598 267.367334 1.224963 1.606132 6.663672 121.838729 0.076812 0.005206 0.044059 34.417627 702.526817 4180 1221.254504 24.536336 1079.879727 73.17134 256.148115 424.512028 1.18912 1.727 1.626241 1.324481 129.551896 13.802406 0.081144 0.016135 0.357569 20939.36966 6562.892462 12.739199 20515.14683 5110.499647 39.550001 0.165103
30.258956 1.635471 1116.70522 244.595956 1.151295 1.558362 0 143.723976 0.08531 0 0.044059 30.258956 702.526817 4180 517.099408 24.190367 0 0 0 0 0 0 0 0 0 0 0 0 0.357569 20939.36966 6562.892462 12.739199 0 0 39.550001 0.165103
27.082479 1.629992 1131.587605 239.668684 1.135412 1.534011 0 150.091727 0.087084 0 0.044059 27.082479 702.526817 4180.001207 576.273542 23.804806 0 0 0 0 0 0 0 0 0 0 0 0 0.357569 20939.36966 6562.892462 12.739199 0 0 39.550001 0.165103
25.366317 1.626463 1139.36229 237.049475 1.126832 1.522035 0 153.603045 0.088025 0 0.044059 25.366317 702.526817 4180.150617 316.997072 23.592725 0 0 0 0 0 0 0 0 0 0 0 0 0.357569 20939.36966 6562.892462 12.739199 0 0 39.550001 0.165103
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
91.23401 1.748614 58.319725 479.074031 1.882813 1.091572 0 15.938806 0.018672 0 0.03919 91.23401 624.883304 0 0 30.601567 0 0 0 0 0 0 0 0 0 0 0 0 0.345077 20398.21684 6091.301808 12.291947 0 0 39.168062 0.167668
44.177546 1.730879 153.337388 412.312507 1.68407 1.379366 92.37853 22.473558 0.02136 0.004917 0.03919 44.209886 624.883304 4179 2616.38327 28.787249 1069.824176 77.724836 259.63517 424.908786 1.200088 1.724 1.647264 1.357264 125.764838 13.951758 0.079979 0.016524 0.345077 20398.21684 6091.301808 12.291947 20732.36644 8223.316135 39.168062 0.167668
42.364307 1.712482 435.635862 364.980194 1.535016 1.45558 63.932842 54.527833 0.039443 0.004973 0.03919 41.823594 624.883304 4179 1854.952742 27.50094 1071.751757 76.776606 258.899291 424.824814 1.198248 1.725 1.642745 1.349993 126.500701 13.924965 0.080218 0.01644 0.345077 20398.21684 6091.301808 12.291947 20732.36644 7239.516163 39.168062 0.167668
40.353348 1.682873 703.89139 319.682135 1.391569 1.525772 37.103052 85.52125 0.056742 0.005071 0.03919 39.783983 624.883304 4179.557245 1775.230345 26.270079 1074.712735 75.276503 257.71491 424.728732 1.194287 1.726 1.635862 1.339149 127.785095 13.875745 0.080593 0.016311 0.345077 20398.21684 6091.301808 12.291947 20458.13559 6019.99909 39.168062 0.167668
38.86134 1.655998 877.791814 290.263864 1.297606 1.569405 19.97136 105.918228 0.068019 0.005156 0.03919 36.572658 624.883304 4180 1152.901683 25.470796 1078.400185 73.91991 256.739922 424.600006 1.1906 1.7264 1.6292 1.329799 128.900089 13.825998 0.080952 0.016194 0.345077 20398.21684 6091.301808 12.291947 20174.20535 5594.813305 39.168062 0.167668
38.085279 1.656531 1038.00856 263.501908 1.212167 1.617284 4.016163 124.252983 0.078345 0.005154 0.03919 33.450187 624.883304 4180 1048.800694 24.743684 1078.346916 73.946545 256.76123 424.600006 1.190653 1.726347 1.629306 1.329959 128.873455 13.826531 0.080945 0.016196 0.345077 20398.21684 6091.301808 12.291947 19999.62453 4915.448058 39.168062 0.167668
28.98132 1.651724 1123.075365 242.571986 1.144907 1.547816 0 146.344261 0.086043 0 0.03919 28.98132 624.883304 4180 346.480392 24.503476 0 0 0 0 0 0 0 0 0 0 0 0 0.345077 20398.21684 6091.301808 12.291947 0 0 39.168062 0.167668
26.49073 1.647655 1134.522466 238.738397 1.132454 1.529482 0 151.362387 0.087428 0 0.03919 26.49073 624.883304 4180 430.000994 24.205365 0 0 0 0 0 0 0 0 0 0 0 0 0.345077 20398.21684 6091.301808 12.291947 0 0 39.168062 0.167668
25.273057 1.643799 1139.873909 236.909586 1.126365 1.521035 0 153.838093 0.088094 0 0.03919 25.273057 624.883304 4180 262.8408 24.023143 0 0 0 0 0 0 0 0 0 0 0 0 0.345077 20398.21684 6091.301808 12.291947 0 0 39.168062 0.167668
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
92.562705 1.724634 57.016592 480.823363 1.888717 1.086886 0 15.982362 0.018723 0 0.033583 92.562705 535.47973 0 0 30.300636 0 0 0 0 0 0 0 0 0 0 0 0 0.30894 18807.19282 5547.762374 13.251533 0 0 40.116327 0.271915
43.641698 1.709806 162.909341 410.412169 1.679322 1.374338 91.333045 23.686243 0.021961 0.004981 0.033583 43.763824 535.47973 4179 2364.617737 28.469106 1072.01944 76.640282 258.792212 424.799988 1.197961 1.725 1.641961 1.348942 126.607774 13.919611 0.080253 0.016429 0.30894 18807.19282 5547.762374 13.251533 19032.38565 7519.165187 40.116327 0.271915
41.837694 1.69548 462.026093 360.32295 1.520346 1.458338 61.293832 57.761377 0.041162 0.005028 0.033583 41.433133 535.47973 4179.091169 1682.145267 27.166218 1073.451978 75.919492 258.219206 424.799988 1.195548 1.725452 1.639096 1.344192 127.225989 13.89548 0.080434 0.016362 0.30894 18807.19282 5547.762374 13.251533 19032.38565 6498.038388 40.116327 0.271915
39.983583 1.675817 745.735569 312.625085 1.369172 1.536075 32.979769 90.402561 0.059444 0.005093 0.033583 39.421384 535.47973 4179.727015 1601.836491 25.925721 1075.836679 74.916646 257.474497 424.700012 1.193582 1.726 1.634163 1.336745 128.067338 13.861633 0.080684 0.016279 0.30894 18807.19282 5547.762374 13.251533 18776.16557 5293.245871 40.116327 0.271915
38.579099 1.654782 929.338811 281.624159 1.270076 1.58448 14.849058 111.864247 0.071349 0.005161 0.033583 35.846967 535.47973 4180 1041.103466 25.11952 1078.52175 73.859128 256.691297 424.600006 1.190478 1.726522 1.628957 1.329435 128.960872 13.824782 0.080968 0.016189 0.30894 18807.19282 5547.762374 13.251533 18513.77862 4961.966002 40.116327 0.271915
32.034867 1.657538 1107.976429 247.35579 1.160204 1.572163 0 140.263382 0.084329 0 0.033583 32.034867 535.47973 4180 872.972641 24.443515 0 0 0 0 0 0 0 0 0 0 0 0 0.30894 18807.19282 5547.762374 13.251533 0 0 40.116327 0.271915
27.776274 1.655173 1128.198948 240.742044 1.138881 1.53833 0 148.768148 0.08672 0 0.033583 27.776274 535.47973 4180 180.34895 24.303858 0 0 0 0 0 0 0 0 0 0 0 0 0.30894 18807.19282 5547.762374 13.251533 0 0 40.116327 0.271915
25.595369 1.65273 1138.64062 237.393053 1.127955 1.523113 0 153.220178 0.087925 0 0.033583 25.595369 535.47973 4180 316.527998 24.058748 0 0 0 0 0 0 0 0 0 0 0 0 0.30894 18807.19282 5547.762374 13.251533 0 0 40.116327 0.271915
24.779623 1.649662 1142.100398 236.169434 1.123898 1.517685 0 154.861963 0.088371 0 0.033583 24.779623 535.47973 4180.007384 189.872996 23.911716 0 0 0 0 0 0 0 0 0 0 0 0 0.30894 18807.19282 5547.762374 13.251533 0 0 40.116327 0.271915
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
96.526801 1.759304 57.32549 484.724941 1.897836 1.08759 0 16.156655 0.019008 0 0.027043 96.526801 431.192342 0 0 31.315621 0 0 0 0 0 0 0 0 0 0 0 0 0.226026 14994.27755 4766.540142 13.451457 0 0 40.787577 0.237545
44.59532 1.751193 162.350083 411.071545 1.679852 1.38882 91.540686 23.378832 0.021945 0.004856 0.027043 44.668977 431.192342 4179 1991.773801 29.206949 1066.880724 78.762021 260.347701 425 1.202119 1.724 1.652239 1.364477 124.952289 13.992385 0.079724 0.016606 0.226026 14994.27755 4766.540142 13.451457 15201.37594 6481.248584 40.787577 0.237545
42.806871 1.741745 482.091653 357.688408 1.510646 1.478898 59.19215 59.415771 0.042387 0.004885 0.027043 42.38645 431.192342 4179 1443.61483 27.678607 1067.825509 78.278992 260.052345 425 1.201174 1.724 1.650349 1.360698 125.330205 13.97349 0.079839 0.016567 0.226026 14994.27755 4766.540142 13.451457 15201.37594 5387.575401 40.787577 0.237545
40.993198 1.728168 788.406158 306.472595 1.348673 1.564205 28.387816 94.100177 0.061987 0.004925 0.027043 40.262969 431.192342 4179.527223 1385.004901 26.2125 1070.183166 77.584755 259.526741 424.899994 1.199817 1.724183 1.646634 1.356267 125.873268 13.948168 0.080014 0.016511 0.226026 14994.27755 4766.540142 13.451457 14964.53068 4267.140234 40.787577 0.237545
39.641981 1.711036 982.916685 273.680618 1.245213 1.616123 8.940947 116.487794 0.074532 0.004977 0.027043 35.831914 431.192342 4180 886.777859 25.273901 1071.896412 76.702832 258.841426 424.810347 1.198104 1.725 1.642311 1.349414 126.558563 13.922072 0.080237 0.016434 0.226026 14994.27755 4766.540142 13.451457 14723.51094 4182.426479 40.787577 0.237545
30.755219 1.717044 1115.062563 245.332825 1.153776 1.56036 0 143.057735 0.085119 0 0.027043 30.755219 431.192342 4180 656.84333 24.578674 0 0 0 0 0 0 0 0 0 0 0 0 0.226026 14994.27755 4766.540142 13.451457 0 0 40.787577 0.237545
27.061351 1.714816 1132.032729 239.598162 1.135029 1.532133 0 150.43656 0.087181 0 0.027043 27.061351 431.192342 4180 93.469324 24.479742 0 0 0 0 0 0 0 0 0 0 0 0 0.226026 14994.27755 4766.540142 13.451457 0 0 40.787577 0.237545
25.222843 1.712043 1140.885787 236.834264 1.125283 1.519506 0 154.197124 0.088189 0 0.027043 25.222843 431.192342 4180 205.57869 24.26215 0 0 0 0 0 0 0 0 0 0 0 0 0.226026 14994.27755 4766.540142 13.451457 0 0 40.787577 0.237545
24.793525 1.711538 1142.825899 236.190288 1.122968 1.516714 0 155.079753 0.088425 0 0.027043 24.793525 431.192342 4180 137.770847 24.116328 0 0 0 0 0 0 0 0 0 0 0 0 0.226026 14994.27755 4766.540142 13.451457 0 0 40.787577 0.237545
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
100.291799 1.739458 55.638424 489.041339 1.910719 1.082884 0 16.297456 0.019227 0 0.020795 100.291799 331.576286 0 0 31.8429 0 0 0 0 0 0 0 0 0 0 0 0 0.174779 12431.80732 4088.976177 12.451272 0 0 40.167043 0.035754
44.209695 1.734453 163.020954 410.761808 1.679043 1.383238 91.413071 23.547326 0.021981 0.004907 0.020795 44.215009 331.576286 4179 1627.825613 29.614225 1069.109342 77.907119 259.778135 424.94453 1.200445 1.724 1.648336 1.358336 125.621871 13.958907 0.079932 0.016538 0.174779 12431.80732 4088.976177 12.451272 12605.41545 5507.333878 40.167043 0.035754
42.416147 1.727606 496.3524 355.122269 1.50297 1.478591 57.811657 61.176678 0.043303 0.004927 0.020795 41.96111 331.576286 4179 1157.026184 28.030126 1070.239398 77.555514 259.504248 424.899994 1.199761 1.724239 1.646521 1.356042 125.895761 13.947606 0.080021 0.016508 0.174779 12431.80732 4088.976177 12.451272 12605.41545 4499.804806 40.167043 0.035754
40.703059 1.720082 810.07848 302.704285 1.337097 1.568361 26.253378 96.725547 0.063409 0.00495 0.020795 39.656474 331.576286 4179.357999 1090.033825 26.537876 1070.991759 77.164289 259.203309 424.899994 1.199008 1.724992 1.645016 1.353033 126.196701 13.940082 0.080119 0.01647 0.174779 12431.80732 4088.976177 12.451272 12402.61416 3564.044473 40.167043 0.035754
39.415509 1.70608 1005.317993 269.833444 1.232761 1.621457 6.734759 119.156991 0.075998 0.004992 0.020795 34.835579 331.576286 4179.964972 683.550315 25.602235 1072.392017 76.453993 258.643184 424.799988 1.197216 1.725 1.641216 1.347824 126.756806 13.91216 0.080301 0.01641 0.174779 12431.80732 4088.976177 12.451272 12202.66891 3674.816811 40.167043 0.035754
29.722619 1.714915 1119.685196 243.756189 1.148613 1.552267 0 145.11442 0.0857 0 0.020795 29.722619 331.576286 4180 438.570417 25.001927 0 0 0 0 0 0 0 0 0 0 0 0 0.174779 12431.80732 4088.976177 12.451272 0 0 40.167043 0.035754
26.704221 1.711406 1133.639536 239.056332 1.133293 1.529701 0 151.160012 0.087374 0 0.020795 26.704221 331.576286 4180 26.241742 24.966008 0 0 0 0 0 0 0 0 0 0 0 0 0.174779 12431.80732 4088.976177 12.451272 0 0 40.167043 0.035754
25.293638 1.709847 1140.531809 236.940457 1.125704 1.519998 0 154.046333 0.088148 0 0.020795 25.293638 331.576286 4180 123.879492 24.796443 0 0 0 0 0 0 0 0 0 0 0 0 0.174779 12431.80732 4088.976177 12.451272 0 0 40.167043 0.035754
25.143768 1.707742 1141.281159 236.715652 1.12484 1.518984 0 154.341213 0.088229 0 0.020795 25.143768 331.576286 4180 88.477473 24.675337 0 0 0 0 0 0 0 0 0 0 0 0 0.174779 12431.80732 4088.976177 12.451272 0 0 40.167043 0.035754
G=300 kg/m 2 .s
G=400 kg/m 2 .s
G=500 kg/m 2 .s
G=600 kg/m 2 .s
G=700 kg/m 2 .s
G=800 kg/m 2 .s
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Experimental data for condensing R22 in micro-fin tubes with a helix angle of 37º  
 
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L)Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
103.666 1.688404 52.83756 470.448788 1.84826 0.846513 0 16.372003 0.016412 0 0.047138 103.666 798.807 0 0 25.93238 0 0 0 0 0 0 0 0 0 0 0 0 0.470424 24697.52 8538.108 17.19618 0 0 39.94825 0.508913
43.4396 1.666384 112.308228 410.540581 1.674341 1.043643 96.17051 18.326172 0.015837 0.005584 0.047138 42.96847 798.807 4180 2823.943 24.49627 1113.361606 72.44643 254.2554 416.7638 1.180638 1.694 1.363277 1.030915 133.6808 13.73277 0.075303 0.013469 0.470424 24697.52 8538.108 17.19618 25102.83 13055.9 39.94825 0.508913
42.59485 1.632994 409.251679 363.724743 1.527493 1.13042 67.6441 52.957434 0.033528 0.005691 0.047138 41.66112 798.807 4180.032 2206.797 23.37401 1116.700613 70.86071 253.1198 416.6299 1.177299 1.695 1.357299 1.021898 135.0802 13.67599 0.075694 0.013359 0.470424 24697.52 8538.108 17.19618 25102.83 10570.42 39.94825 0.508913
41.86629 1.604473 689.578028 319.549899 1.388307 1.213299 41.0045 85.987677 0.050288 0.005792 0.047138 40.91831 798.807 4180.578 2082.306 22.3152 1120.552743 69.51021 252.1342 416.5447 1.174447 1.696 1.351895 1.013895 136.2764 13.63447 0.076026 0.013258 0.470424 24697.52 8538.108 17.19618 24790.8 8064.935 39.94825 0.508913
41.12136 1.575821 878.167905 289.542326 1.293373 1.267466 23.24084 108.708163 0.06168 0.005887 0.047138 38.67001 798.807 4181.022 1414.492 21.59603 1123.417866 68.1636 251.1329 416.4 1.171164 1.697 1.346582 1.006164 137.5089 13.58582 0.07637 0.013163 0.470424 24697.52 8538.108 17.19618 24437.62 6712.318 39.94825 0.508913
41.12854 1.576098 1068.646673 259.71725 1.198497 1.328951 5.187911 131.066823 0.073088 0.005886 0.047138 35.52333 798.807 4181.381 1405.889 20.88131 1123.390221 68.1766 251.1439 416.4 1.17122 1.697 1.34661 1.00622 137.4951 13.5861 0.076367 0.013164 0.470424 24697.52 8538.108 17.19618 24242.5 5575.122 39.94825 0.508913
28.7618 1.572509 1178.533958 235.014159 1.119047 1.268359 0 160.231895 0.08232 0 0.047138 28.7618 798.807 4181.665 834.8614 20.45691 0 0 0 0 0 0 0 0 0 0 0 0 0.470424 24697.52 8538.108 17.19618 0 0 39.94825 0.508913
24.15686 1.56951 1197.372565 229.203917 1.099627 1.246237 0 169.07389 0.084473 0 0.047138 24.15686 798.807 4181.805 266.666 20.32135 0 0 0 0 0 0 0 0 0 0 0 0 0.470424 24697.52 8538.108 17.19618 0 0 39.94825 0.508913
22.41924 1.567021 1204.323041 227.103092 1.092096 1.238337 0 172.457255 0.085277 0 0.047138 22.41924 798.807 4181.883 343.557 20.14671 0 0 0 0 0 0 0 0 0 0 0 0 0.470424 24697.52 8538.108 17.19618 0 0 39.94825 0.508913
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L)Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
98.02416 1.676999 53.663515 465.751752 1.836888 0.848477 0 16.131766 0.016043 0 0.043281 98.02416 733.4411 0 0 27.48812 0 0 0 0 0 0 0 0 0 0 0 0 0.4702 25176.59 8383.028 15.45537 0 0 40.14193 0.104315
43.29871 1.660748 120.671367 409.13454 1.670076 1.044723 95.34481 19.318952 0.016335 0.005607 0.043281 42.80527 733.4411 4179.568 2450.425 26.24123 1113.925155 72.17593 254.0299 416.7075 1.180075 1.694 1.36215 1.029225 133.9626 13.7215 0.075371 0.013452 0.4702 25176.59 8383.028 15.45537 25534.79 12582.8 40.14193 0.104315
42.54038 1.630815 407.465802 363.961232 1.528308 1.129334 67.81492 52.77514 0.033426 0.005698 0.043281 41.66911 733.4411 4180 1955.126 25.24648 1116.918503 70.75831 253.0326 416.6082 1.177082 1.695 1.357081 1.021245 135.1674 13.67163 0.07572 0.013352 0.4702 25176.59 8383.028 15.45537 25534.79 10264.7 40.14193 0.104315
41.91029 1.606165 676.052254 321.692128 1.395085 1.209309 42.2853 84.368757 0.049476 0.005785 0.043281 41.00048 733.4411 4180 1829.431 24.31568 1120.383494 69.58976 252.185 416.5617 1.174616 1.696 1.352233 1.014233 136.1917 13.63617 0.076006 0.013265 0.4702 25176.59 8383.028 15.45537 25257.68 7930.206 40.14193 0.104315
41.25865 1.581102 858.547989 292.715625 1.303692 1.262015 25.0685 106.255289 0.060483 0.005867 0.043281 38.9128 733.4411 4180.002 1254.119 23.67759 1122.889822 68.41179 251.3331 416.411 1.17211 1.697 1.34722 1.007331 137.2559 13.5922 0.076307 0.013183 0.4702 25176.59 8383.028 15.45537 24951.09 6731.325 40.14193 0.104315
41.18563 1.578294 1048.93711 262.854769 1.208627 1.322891 7.037082 128.673627 0.071895 0.005877 0.043281 36.32198 733.4411 4180.326 1292.395 23.02008 1123.170646 68.2798 251.2317 416.4 1.171659 1.697 1.346829 1.006659 137.3853 13.58829 0.07634 0.013173 0.4702 25176.59 8383.028 15.45537 24783.36 5589.767 40.14193 0.104315
30.61552 1.578738 1170.758915 237.400171 1.126462 1.277503 0 156.745469 0.081454 0 0.043281 30.61552 733.4411 4180.597 841.6109 22.59193 0 0 0 0 0 0 0 0 0 0 0 0 0.4702 25176.59 8383.028 15.45537 0 0 40.14193 0.104315
26.19523 1.574155 1189.219087 231.753797 1.107781 1.255493 0 165.125684 0.083528 0 0.043281 26.19523 733.4411 4180.728 187.1019 22.49675 0 0 0 0 0 0 0 0 0 0 0 0 0.4702 25176.59 8383.028 15.45537 0 0 40.14193 0.104315
24.49771 1.568537 1196.009161 229.647024 1.100991 1.24762 0 168.410048 0.084316 0 0.043281 24.49771 733.4411 4180.8 379.6269 22.30364 0 0 0 0 0 0 0 0 0 0 0 0 0.4702 25176.59 8383.028 15.45537 0 0 40.14193 0.104315
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L)Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
100.8945 1.665724 52.614851 468.347791 1.844425 0.845803 0 16.251013 0.016216 0 0.03709 100.8945 628.5316 0 0 25.98373 0 0 0 0 0 0 0 0 0 0 0 0 0.451136 24112.97 7351.992 17.24871 0 0 40.70936 0.276735
43.11588 1.653435 159.859327 402.949408 1.651157 1.055195 91.55871 23.889339 0.01866 0.00563 0.03709 42.64629 628.5316 4180 2425.615 24.69744 1114.656497 71.83145 253.803 416.7 1.179343 1.694657 1.360687 1.027031 134.2626 13.71344 0.075452 0.013424 0.451136 24112.97 7351.992 17.24871 24357.21 10970.65 40.70936 0.276735
42.53807 1.630723 476.359304 353.187327 1.494198 1.151429 61.22964 60.777295 0.037533 0.005698 0.03709 41.52878 628.5316 4180 1845.667 23.71869 1116.927733 70.75397 253.0289 416.6072 1.177072 1.695 1.357072 1.021217 135.1711 13.67145 0.075721 0.013352 0.451136 24112.97 7351.992 17.24871 24357.21 8682.567 40.70936 0.276735
42.1106 1.614024 787.470433 304.355092 1.339994 1.24707 31.61596 97.20719 0.056114 0.005758 0.03709 40.98776 628.5316 4180.381 1811.179 22.75832 1119.195227 69.96314 252.461 416.6 1.175402 1.696 1.353805 1.016207 135.839 13.64805 0.075912 0.013292 0.451136 24112.97 7351.992 17.24871 24099.95 6388.002 40.70936 0.276735
41.65288 1.596264 979.701172 274.018596 1.244008 1.304695 13.46377 120.085365 0.067657 0.005821 0.03709 37.67463 628.5316 4180.77 1125.175 22.16176 1121.373556 69.12443 251.8506 416.5 1.173626 1.696374 1.350253 1.011879 136.6494 13.62253 0.076125 0.013229 0.451136 24112.97 7351.992 17.24871 23779.16 5513.167 40.70936 0.276735
31.58182 1.599535 1166.672716 238.598727 1.130327 1.2825 0 154.993222 0.08101 0 0.03709 31.58182 628.5316 4181.05 989.2879 21.63728 0 0 0 0 0 0 0 0 0 0 0 0 0.451136 24112.97 7351.992 17.24871 0 0 40.70936 0.276735
25.90602 1.602147 1190.375911 231.387227 1.106624 1.253491 0 165.78326 0.083686 0 0.03709 25.90602 628.5316 4181.243 463.2535 21.39169 0 0 0 0 0 0 0 0 0 0 0 0 0.451136 24112.97 7351.992 17.24871 0 0 40.70936 0.276735
23.18973 1.599305 1201.2411 228.027672 1.095759 1.240963 0 171.037863 0.084942 0 0.03709 23.18973 628.5316 4181.302 -13.5214 21.39886 0 0 0 0 0 0 0 0 0 0 0 0 0.451136 24112.97 7351.992 17.24871 0 0 40.70936 0.276735
22.38273 1.594791 1204.469088 227.059278 1.091914 1.237635 0 172.617689 0.085316 0 0.03709 22.38273 628.5316 4181.334 255.4132 21.26346 0 0 0 0 0 0 0 0 0 0 0 0 0.451136 24112.97 7351.992 17.24871 0 0 40.70936 0.276735
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L)Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
102.1491 1.60532 50.180486 469.967654 1.851873 0.839822 0 16.278092 0.016255 0 0.031511 102.1491 533.9901 0 0 25.30886 0 0 0 0 0 0 0 0 0 0 0 0 0.427572 23019.27 6771.256 16.23357 0 0 39.17488 0.225429
41.68928 1.597665 171.80908 400.445161 1.645271 1.045291 90.24576 25.619933 0.019366 0.005817 0.031511 41.21611 533.9901 4180 2190.717 24.08311 1121.233539 69.19024 251.9066 416.5 1.173766 1.696234 1.350533 1.012299 136.5934 13.62533 0.076108 0.013233 0.427572 23019.27 6771.256 16.23357 23233.6 9974.832 39.17488 0.225429
41.17478 1.577876 491.643988 350.106343 1.486131 1.143113 59.86702 63.279865 0.038525 0.005878 0.031511 40.15705 533.9901 4180.18 1586.222 23.19563 1123.212391 68.26018 251.215 416.4 1.171575 1.697 1.346788 1.006575 137.4062 13.58788 0.076345 0.013172 0.427572 23019.27 6771.256 16.23357 23233.6 7874.229 39.17488 0.225429
40.86047 1.565943 822.98658 298.021067 1.32015 1.247804 28.5245 102.480527 0.058415 0.005922 0.031511 39.53649 533.9901 4180.632 1641.254 22.27746 1124.405664 67.70339 250.7783 416.4 1.169594 1.697406 1.345189 1.003783 137.9623 13.57189 0.076489 0.013128 0.427572 23019.27 6771.256 16.23357 23017.27 5781.668 39.17488 0.225429
40.47841 1.551477 1015.287334 267.718649 1.223858 1.306265 10.51428 125.398277 0.069978 0.005974 0.031511 35.78986 533.9901 4180.995 954.8567 21.74333 1126.704528 67.02944 250.2591 416.3148 1.168148 1.698 1.342295 0.999614 138.5409 13.54296 0.076662 0.013084 0.427572 23019.27 6771.256 16.23357 22715.61 5167.333 39.17488 0.225429
29.0829 1.554601 1176.760402 235.407777 1.120332 1.270322 0 159.560884 0.082155 0 0.031511 29.0829 533.9901 4181.234 755.1776 21.32092 0 0 0 0 0 0 0 0 0 0 0 0 0.427572 23019.27 6771.256 16.23357 0 0 39.17488 0.225429
24.53506 1.557398 1195.859747 229.695584 1.10114 1.247992 0 168.305055 0.08429 0 0.031511 24.53506 533.9901 4181.388 346.1662 21.12729 0 0 0 0 0 0 0 0 0 0 0 0 0.427572 23019.27 6771.256 16.23357 0 0 39.17488 0.225429
22.42415 1.553264 1204.3034 227.108985 1.092121 1.238631 0 172.4044 0.085263 0 0.031511 22.42415 533.9901 4181.431 -39.2844 21.14927 0 0 0 0 0 0 0 0 0 0 0 0 0.427572 23019.27 6771.256 16.23357 0 0 39.17488 0.225429
21.90107 1.550711 1206.395734 226.471392 1.089604 1.23659 0 173.400709 0.085506 0 0.031511 21.90107 533.9901 4181.457 229.2588 21.02104 0 0 0 0 0 0 0 0 0 0 0 0 0.427572 23019.27 6771.256 16.23357 0 0 39.17488 0.225429
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L)Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
104.5918 1.670151 51.99066 471.395766 1.852163 0.844513 0 16.40765 0.016464 0 0.026343 104.5918 446.4133 0 0 26.53768 0 0 0 0 0 0 0 0 0 0 0 0 0.343641 19799.29 5845.244 16.09088 0 0 40.08881 0.978779
43.47111 1.667644 185.224638 399.179804 1.638413 1.067277 89.16935 26.719345 0.020168 0.005579 0.026343 42.7773 446.4133 4180 1902.383 25.21329 1113.23556 72.50693 254.3058 416.7764 1.180764 1.694 1.363529 1.031293 133.6178 13.73529 0.075288 0.013473 0.343641 19799.29 5845.244 16.09088 19997.44 8270.65 40.08881 0.978779
43.09979 1.652792 531.014018 344.96559 1.467764 1.17378 55.96853 66.80397 0.040737 0.005632 0.026343 41.77036 446.4133 4180 1428.164 24.21904 1114.720839 71.8012 253.7837 416.7 1.179279 1.694721 1.360558 1.026838 134.2883 13.71279 0.075459 0.013421 0.343641 19799.29 5845.244 16.09088 19997.44 6368.488 40.08881 0.978779
42.95603 1.647155 879.320898 290.483793 1.295433 1.283923 22.60727 107.202071 0.06148 0.005649 0.026343 40.60909 446.4133 4180.14 1435.213 23.21991 1115.284495 71.53344 253.6146 416.7 1.178716 1.695 1.359431 1.025431 134.5138 13.70431 0.075524 0.013401 0.343641 19799.29 5845.244 16.09088 19787.44 4744.004 40.08881 0.978779
42.62039 1.634015 1052.904834 263.118256 1.208929 1.336984 6.091064 127.647187 0.071886 0.005688 0.026343 35.1985 446.4133 4180.515 720.8896 22.71811 1116.598462 70.90872 253.1606 416.6402 1.177402 1.695 1.357402 1.022205 135.0394 13.67803 0.075682 0.013362 0.343641 19799.29 5845.244 16.09088 19504.96 4751.276 40.08881 0.978779
27.88476 1.63965 1182.460944 233.950199 1.114722 1.262631 0 162.079929 0.082793 0 0.026343 27.88476 446.4133 4180.725 484.177 22.38109 0 0 0 0 0 0 0 0 0 0 0 0 0.343641 19799.29 5845.244 16.09088 0 0 40.08881 0.978779
24.34137 1.644225 1196.634507 229.443786 1.100365 1.245783 0 168.935901 0.084448 0 0.026343 24.34137 446.4133 4180.844 198.2121 22.24313 0 0 0 0 0 0 0 0 0 0 0 0 0.343641 19799.29 5845.244 16.09088 0 0 40.08881 0.978779
22.84002 1.64012 1202.639932 227.608024 1.093526 1.23936 0 171.867612 0.085137 0 0.026343 22.84002 446.4133 4180.876 -11.4095 22.25107 0 0 0 0 0 0 0 0 0 0 0 0 0.343641 19799.29 5845.244 16.09088 0 0 40.08881 0.978779
22.74387 1.636834 1203.024509 227.492651 1.093171 1.238975 0 172.040723 0.08518 0 0.026343 22.74387 446.4133 4180.9 147.226 22.1486 0 0 0 0 0 0 0 0 0 0 0 0 0.343641 19799.29 5845.244 16.09088 0 0 40.08881 0.978779
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L)Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
110.8646 1.645641 49.887412 476.93405 1.868066 0.840696 0 16.662838 0.016867 0 0.02003 110.8646 339.4312 0 0 28.31548 0 0 0 0 0 0 0 0 0 0 0 0 0.253728 16081.32 5265.981 14.37176 0 0 39.99911 0.413119
42.94253 1.646636 159.650414 402.9276 1.6514 1.05353 91.5559 23.906391 0.018646 0.00565 0.02003 42.35849 339.4312 4179.192 1482.344 26.91754 1115.336441 71.50851 253.5991 416.7 1.178664 1.695 1.359327 1.025327 134.5346 13.70327 0.07553 0.0134 0.253728 16081.32 5265.981 14.37176 16245.05 7649.447 39.99911 0.413119
42.6987 1.637148 512.985048 347.591104 1.476289 1.164603 57.71941 64.940966 0.039701 0.005679 0.02003 41.58174 339.4312 4179.803 1108.386 25.87242 1116.28521 71.05595 253.2859 416.6715 1.177715 1.695 1.357715 1.023144 134.9141 13.6843 0.075644 0.013371 0.253728 16081.32 5265.981 14.37176 16245.05 5694.865 39.99911 0.413119
42.64616 1.635046 872.841383 291.292196 1.298103 1.279438 23.30417 106.72598 0.06115 0.005685 0.02003 40.34193 339.4312 4180 1127.663 24.80917 1116.495355 70.95719 253.2019 416.6505 1.177505 1.695 1.357505 1.022514 134.9981 13.68009 0.075669 0.013365 0.253728 16081.32 5265.981 14.37176 16070.49 4216.877 39.99911 0.413119
42.29647 1.621403 1059.00723 261.947851 1.205339 1.336355 5.618142 128.696363 0.072313 0.005734 0.02003 35.71429 339.4312 4180 587.7652 24.25498 1117.859724 70.31593 252.7421 416.6 1.17614 1.69586 1.355281 1.018421 135.5439 13.6614 0.075825 0.013316 0.253728 16081.32 5265.981 14.37176 15842.91 4058.338 39.99911 0.413119
28.7494 1.626324 1179.002389 234.999287 1.118866 1.267221 0 160.416914 0.082374 0 0.02003 28.7494 339.4312 4180 376.2012 23.90027 0 0 0 0 0 0 0 0 0 0 0 0 0.253728 16081.32 5265.981 14.37176 0 0 39.99911 0.413119
25.56665 1.631281 1191.733407 230.979979 1.105267 1.251479 0 166.513041 0.083869 0 0.02003 25.56665 339.4312 4180.081 131.5496 23.77624 0 0 0 0 0 0 0 0 0 0 0 0 0.253728 16081.32 5265.981 14.37176 0 0 39.99911 0.413119
24.20828 1.630242 1197.166866 229.270769 1.099833 1.245354 0 169.156517 0.084498 0 0.02003 24.20828 339.4312 4180.106 -25.9374 23.8007 0 0 0 0 0 0 0 0 0 0 0 0 0.253728 16081.32 5265.981 14.37176 0 0 39.99911 0.413119
24.20764 1.625698 1197.169454 229.269928 1.099831 1.245423 0 169.146797 0.084495 0 0.02003 24.20764 339.4312 4180.126 109.7974 23.69717 0 0 0 0 0 0 0 0 0 0 0 0 0.253728 16081.32 5265.981 14.37176 0 0 39.99911 0.413119  
 
 270
 
 
Experimental data for condensing R134a in micro-fin tubes with a helix angle of 37º  
 
G=800 kg/m 2 .s
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
78.78109 1.16989 47.548605 458.6807 1.819354 1.067667 0 14.257881 0.018282 0 0.04727 78.78109 801.055283 0 0 30.036461 0 0 0 0 0 0 0 0 0 0 0 0 0.466798 25726.83 9634.464 13.43301 0 0 40.73402 0.037984
44.43834 1.143186 146.036169 408.0755 1.667512 1.214299 91.66379 24.572991 0.02072 0.005567 0.04727 43.6351 801.055283 4179 2392.136072 28.810196 1127.681367 56.76206 263.0593 421.2637 1.211319 1.709 1.525956 1.185956 154.176952 12.786373 0.072805 0.015983 0.466798 25726.83 9634.464 13.43301 26072.36 13642.7 40.73402 0.037984
43.00237 1.100952 413.534212 367.5655 1.541745 1.287017 66.73547 60.753018 0.034971 0.005746 0.04727 42.05696 801.055283 4179 1914.927823 27.828559 1133.809602 54.51046 260.9476 420.7095 1.20419 1.71 1.51719 1.172286 157.133358 12.711904 0.073426 0.015804 0.466798 25726.83 9634.464 13.43301 26072.36 11859.99 40.73402 0.037984
41.61135 1.061182 654.954862 330.7711 1.42638 1.352661 44.59261 94.294507 0.047986 0.005924 0.04727 40.91048 801.055283 4179.309 1739.286316 26.937025 1139.881845 52.42144 258.8591 420.1236 1.198118 1.71 1.508236 1.159354 160.017296 12.632363 0.074022 0.015635 0.466798 25726.83 9634.464 13.43301 25797.83 9787.837 40.73402 0.037984
40.3732 1.026843 811.769918 306.493 1.350391 1.393021 30.46915 116.921741 0.056554 0.006083 0.04727 38.92562 801.055283 4179.679 1147.639617 26.348814 1145.315688 50.61584 256.9422 419.5684 1.192369 1.711 1.500369 1.148053 162.652545 12.563686 0.074551 0.015487 0.466798 25726.83 9634.464 13.43301 25505.99 8760.042 40.73402 0.037984
39.78651 1.010736 997.133416 278.4543 1.260776 1.448441 13.72578 143.158939 0.066648 0.006156 0.04727 38.14192 801.055283 4179.995 1325.401929 25.669543 1147.852741 49.77829 256.0442 419.3147 1.189147 1.711 1.497147 1.142294 163.941096 12.531472 0.074799 0.015414 0.466798 25726.83 9634.464 13.43301 25366.79 6553.127 40.73402 0.037984
35.69695 1.007739 1165.259095 250.0454 1.169788 1.473027 0 173.227965 0.076644 0 0.04727 35.69695 801.055283 4180 1115.522627 25.097837 0 0 0 0 0 0 0 0 0 0 0 0 0.466798 25726.83 9634.464 13.43301 0 0 40.73402 0.037984
30.53374 1.003298 1186.865049 242.5006 1.145633 1.445633 0 185.432223 0.078948 0 0.04727 30.53374 801.055283 4180 318.065567 24.934828 0 0 0 0 0 0 0 0 0 0 0 0 0.466798 25726.83 9634.464 13.43301 0 0 40.73402 0.037984
27.77304 0.997074 1197.907858 238.4823 1.132092 1.432924 0 192.155712 0.080168 0 0.04727 27.77304 801.055283 4180 427.849198 24.715555 0 0 0 0 0 0 0 0 0 0 0 0 0.466798 25726.83 9634.464 13.43301 0 0 40.73402 0.037984
G=700 kg/m 2 .s
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
80.70683 1.143001 45.836125 461.1048 1.82796 1.061132 0 14.324074 0.018394 0 0.041684 80.70683 706.38425 0 0 29.159441 0 0 0 0 0 0 0 0 0 0 0 0 0.453966 24985.57 8640.909 13.8726 0 0 40.37262 0.171312
43.72883 1.122024 149.751266 407.0979 1.666067 1.208804 91.24487 25.25638 0.0209 0.005662 0.041684 42.99384 706.38425 4179 2251.219594 27.972792 1130.595134 55.63729 262.0012 421.0202 1.208202 1.71 1.521405 1.17881 155.6583 12.744049 0.073112 0.01589 0.453966 24985.57 8640.909 13.8726 25315.28 12912.74 40.37262 0.171312
42.5976 1.08936 436.333668 363.8219 1.530629 1.290211 64.63006 64.065711 0.036216 0.005803 0.041684 41.59532 706.38425 4179.251 1803.91503 27.02198 1135.127988 53.90608 260.268 420.4936 1.202872 1.71 1.513872 1.167808 157.94479 12.68872 0.0736 0.015757 0.453966 24985.57 8640.909 13.8726 25315.28 10827.51 40.37262 0.171312
41.52085 1.058635 701.385276 323.8077 1.40443 1.366832 40.33949 100.675421 0.050487 0.005935 0.041684 40.74132 706.38425 4179.709 1667.948698 26.14293 1140.273084 52.28763 258.7181 420.0727 1.197727 1.710137 1.507727 1.158454 160.209238 12.627269 0.07406 0.015623 0.453966 24985.57 8640.909 13.8726 25056.79 8482.546 40.37262 0.171312
40.58226 1.032563 878.401043 296.7681 1.319233 1.415927 24.33187 125.789667 0.060116 0.006057 0.041684 38.96323 706.38425 4180 1127.116336 25.548954 1144.487426 50.91583 257.2538 419.6513 1.193256 1.711 1.501513 1.149769 162.194968 12.575126 0.074459 0.01551 0.453966 24985.57 8640.909 13.8726 24776.58 7117.371 40.37262 0.171312
40.18636 1.021794 1070.339813 267.909 1.227163 1.475048 6.890286 152.68643 0.070555 0.006103 0.041684 37.5694 706.38425 4180 1202.960897 24.915008 1145.820644 50.35326 256.6897 419.5179 1.191359 1.711 1.499359 1.146538 163.056512 12.553587 0.074631 0.015467 0.453966 24985.57 8640.909 13.8726 24628.96 5364.87 40.37262 0.171312
32.06537 1.0247 1180.738516 244.6981 1.152327 1.452833 0 181.841911 0.078286 0 0.041684 32.06537 706.38425 4180 881.281183 24.450584 0 0 0 0 0 0 0 0 0 0 0 0 0.453966 24985.57 8640.909 13.8726 0 0 40.37262 0.171312
27.77184 1.021691 1197.912633 238.4806 1.131988 1.432524 0 192.257165 0.080189 0 0.041684 27.77184 706.38425 4180 77.697284 24.409638 0 0 0 0 0 0 0 0 0 0 0 0 0.453966 24985.57 8640.909 13.8726 0 0 40.37262 0.171312
26.12584 1.016279 1204.496629 236.1762 1.124588 1.425219 0 196.437924 0.080917 0 0.041684 26.12584 706.38425 4180 322.759219 24.239548 0 0 0 0 0 0 0 0 0 0 0 0 0.453966 24985.57 8640.909 13.8726 0 0 40.37262 0.171312
G=600 kg/m 2 .s
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
81.65648 1.123876 44.739844 462.3879 1.833104 1.05782 0 14.354015 0.018452 0 0.03818 81.65648 647.01343 0 0 28.758104 0 0 0 0 0 0 0 0 0 0 0 0 0.425328 23706.12 8207.344 13.72754 0 0 39.83569 0.524706
43.19365 1.106578 142.153794 407.8378 1.669103 1.201877 91.89655 24.393457 0.020487 0.005724 0.03818 42.38574 647.01343 4179 2082.74627 27.586341 1132.684426 54.80863 261.2289 420.7658 1.205316 1.71 1.518316 1.173973 156.739548 12.723155 0.073341 0.015826 0.425328 23706.12 8207.344 13.72754 24020.84 12432.27 39.83569 0.524706
42.07959 1.07456 436.465591 363.525 1.529774 1.286163 64.66767 64.37721 0.036228 0.005862 0.03818 41.09847 647.01343 4179.445 1691.882498 26.634581 1138.088056 53.12167 259.528 420.3456 1.199912 1.71 1.510912 1.163368 159.035222 12.659119 0.073822 0.015688 0.425328 23706.12 8207.344 13.72754 24020.84 10234.21 39.83569 0.524706
41.18145 1.049207 710.390886 322.1962 1.399813 1.366788 39.59389 102.219124 0.05099 0.005974 0.03818 40.38495 647.01343 4179.905 1577.949817 25.747011 1142.0793 51.78877 258.1604 419.8921 1.195841 1.711 1.505762 1.154762 160.955505 12.608414 0.074202 0.015577 0.425328 23706.12 8207.344 13.72754 23775.51 7834.437 39.83569 0.524706
40.36304 1.026568 895.694334 294.0168 1.310597 1.419964 22.80436 128.442575 0.061085 0.006084 0.03818 38.60825 647.01343 4180 1075.902531 25.141848 1145.343149 50.60156 256.9284 419.5657 1.192314 1.711 1.500314 1.147971 162.674514 12.563137 0.074555 0.015486 0.425328 23706.12 8207.344 13.72754 23507.58 6473.881 39.83569 0.524706
40.07048 1.018625 1090.197179 264.8546 1.217343 1.480651 5.116193 155.596715 0.07165 0.006117 0.03818 36.70106 647.01343 4180 1113.427459 24.515578 1146.27508 50.18848 256.5175 419.4725 1.190725 1.711 1.498725 1.14545 163.31003 12.547249 0.074681 0.015453 0.425328 23706.12 8207.344 13.72754 23360.54 5016.484 39.83569 0.524706
30.73124 1.019525 1186.075033 242.7969 1.146371 1.446371 0 185.023121 0.078875 0 0.03818 30.73124 647.01343 4180 773.691938 24.0804 0 0 0 0 0 0 0 0 0 0 0 0 0.425328 23706.12 8207.344 13.72754 0 0 39.83569 0.524706
26.84968 1.019612 1201.601285 237.1895 1.127915 1.42834 0 194.569287 0.080597 0 0.03818 26.84968 647.01343 4180 -15.671116 24.089214 0 0 0 0 0 0 0 0 0 0 0 0 0.425328 23706.12 8207.344 13.72754 0 0 39.83569 0.524706
25.54732 1.014731 1206.810722 235.3663 1.121737 1.422895 0 197.890621 0.081171 0 0.03818 25.54732 647.01343 4180 275.893279 23.934033 0 0 0 0 0 0 0 0 0 0 0 0 0.425328 23706.12 8207.344 13.72754 0 0 39.83569 0.524706
G=500 kg/m 2 .s
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
86.48227 1.105861 42.966997 467.7484 1.848861 1.053821 0 14.541636 0.018793 0 0.031117 86.48227 527.320862 0 0 27.982086 0 0 0 0 0 0 0 0 0 0 0 0 0.468704 25415.11 7237.828 14.45704 0 0 40.38039 0.41235
42.83161 1.096046 187.103305 400.9473 1.647717 1.212899 87.70078 30.508247 0.022883 0.00577 0.031117 42.10982 527.320862 4179.274 2078.673487 26.920912 1134.395391 54.2544 260.6628 420.6209 1.203605 1.71 1.515814 1.170418 157.476769 12.702092 0.073499 0.015784 0.468704 25415.11 7237.828 14.45704 25619.5 10741.85 40.38039 0.41235
42.01093 1.072598 525.207431 350.3342 1.487935 1.314051 56.49876 76.400591 0.040985 0.00587 0.031117 41.03831 527.320862 4179.741 1574.947053 26.116983 1138.480402 53.01769 259.4299 420.326 1.19952 1.71 1.51052 1.162779 159.192158 12.655196 0.073851 0.01568 0.468704 25415.11 7237.828 14.45704 25619.5 8550.023 40.38039 0.41235
41.56112 1.059753 853.61305 301.2646 1.332801 1.416032 26.33407 121.279562 0.058661 0.005931 0.031117 40.5659 527.320862 4180 1526.91408 25.33762 1140.049334 52.34693 258.7852 420.0951 1.197951 1.710025 1.507951 1.158901 160.119739 12.629507 0.074044 0.015629 0.468704 25415.11 7237.828 14.45704 25401 6231.988 40.38039 0.41235
41.07002 1.046112 1046.015195 272.3063 1.240794 1.473821 8.83545 148.045364 0.069063 0.005989 0.031117 37.80755 527.320862 4180 901.108368 24.877679 1142.388844 51.6278 258.0056 419.8611 1.195222 1.711 1.504834 1.153833 161.17219 12.602223 0.074248 0.015564 0.468704 25415.11 7237.828 14.45704 25130.64 5261.749 40.38039 0.41235
31.45154 1.040638 1183.193827 243.8322 1.14936 1.449445 0 183.378849 0.078573 0 0.031117 31.45154 527.320862 4180 721.009095 24.509664 0 0 0 0 0 0 0 0 0 0 0 0 0.468704 25415.11 7237.828 14.45704 0 0 40.38039 0.41235
27.05904 1.047028 1200.763849 237.4826 1.128351 1.42924 0 194.140522 0.08053 0 0.031117 27.05904 527.320862 4180 368.740378 24.321453 0 0 0 0 0 0 0 0 0 0 0 0 0.468704 25415.11 7237.828 14.45704 0 0 40.38039 0.41235
25.40663 1.04808 1207.373471 235.1693 1.121033 1.421665 0 198.375733 0.08126 0 0.031117 25.40663 527.320862 4180 -127.884436 24.386727 0 0 0 0 0 0 0 0 0 0 0 0 0.468704 25415.11 7237.828 14.45704 0 0 40.38039 0.41235
25.06579 1.042042 1208.736842 234.6921 1.119329 1.420422 0 199.203687 0.081405 0 0.031117 25.06579 527.320862 4180 234.115587 24.267231 0 0 0 0 0 0 0 0 0 0 0 0 0.468704 25415.11 7237.828 14.45704 0 0 40.38039 0.41235
G=400 kg/m 2 .s
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
87.14696 1.04412 40.108993 469.2423 1.857146 1.045177 0 14.533526 0.018798 0 0.024738 87.14696 419.210209 0 0 27.531603 0 0 0 0 0 0 0 0 0 0 0 0 0.374424 21404.34 6559.776 13.15336 0 0 38.62726 0.06469
40.85337 1.040094 163.466129 403.1483 1.657889 1.188087 89.72669 27.897757 0.021581 0.00602 0.024738 40.17437 419.210209 4179.495 1635.013803 26.4868 1142.990625 51.31488 257.7047 419.8009 1.194019 1.711 1.503028 1.152028 161.593443 12.590188 0.074339 0.01554 0.374424 21404.34 6559.776 13.15336 21574.83 9766.779 38.62726 0.06469
40.2385 1.023203 496.405979 353.2525 1.49952 1.29057 59.2807 73.793095 0.039553 0.006097 0.024738 39.32061 419.210209 4179.954 1234.308495 25.698141 1145.679736 50.42654 256.7601 419.532 1.191641 1.711 1.499641 1.146961 162.943785 12.556405 0.074609 0.015473 0.374424 21404.34 6559.776 13.15336 21574.83 7594.479 38.62726 0.06469
39.89437 1.013733 836.391375 302.4433 1.337414 1.397389 28.32923 120.877818 0.057948 0.006141 0.024738 38.78699 419.210209 4180 1256.902521 24.895055 1147.253477 49.9341 256.224 419.3746 1.189747 1.711 1.497746 1.143493 163.70139 12.537465 0.074754 0.015429 0.374424 21404.34 6559.776 13.15336 21398.96 5507.01 38.62726 0.06469
39.45883 1.00186 1041.84684 271.5117 1.239049 1.460756 9.728731 149.776652 0.069146 0.006193 0.024738 36.22705 419.210209 4180 765.176495 24.406153 1148.81397 49.31674 255.593 419.2186 1.188186 1.711 1.495372 1.139558 164.569777 12.513721 0.07494 0.015377 0.374424 21404.34 6559.776 13.15336 21169.7 4607.837 38.62726 0.06469
29.72952 1.001373 1190.081903 241.3213 1.141648 1.441911 0 187.381677 0.079303 0 0.024738 29.72952 419.210209 4180 555.241886 24.051386 0 0 0 0 0 0 0 0 0 0 0 0 0.374424 21404.34 6559.776 13.15336 0 0 38.62726 0.06469
26.098 1.007877 1204.607998 236.1372 1.124475 1.42525 0 196.476703 0.080922 0 0.024738 26.098 419.210209 4180.017 265.703965 23.881618 0 0 0 0 0 0 0 0 0 0 0 0 0.374424 21404.34 6559.776 13.15336 0 0 38.62726 0.06469
24.73966 1.004025 1210.041381 234.2095 1.117698 1.419878 0 199.892996 0.081518 0 0.024738 24.73966 419.210209 4180.038 -132.281143 23.966137 0 0 0 0 0 0 0 0 0 0 0 0 0.374424 21404.34 6559.776 13.15336 0 0 38.62726 0.06469
24.47312 1.004418 1211.107527 233.8097 1.116366 1.418804 0 200.587562 0.081635 0 0.024738 24.47312 419.210209 4180.049 198.16627 23.839522 0 0 0 0 0 0 0 0 0 0 0 0 0.374424 21404.34 6559.776 13.15336 0 0 38.62726 0.06469
G=300 kg/m 2 .s
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L) Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
89.4702 1.097675 42.053972 471.0003 1.858643 1.052674 0 14.657413 0.019016 0 0.019518 89.4702 330.758006 0 0 30.280308 0 0 0 0 0 0 0 0 0 0 0 0 0.207798 14141.82 5478.198 13.25449 0 0 40.72815 0.784792
42.8383 1.096237 124.433951 410.2335 1.677103 1.192932 93.50349 22.106887 0.019534 0.005769 0.019518 42.06736 330.758006 4179 1186.052754 28.914498 1134.376279 54.26433 260.6742 420.6248 1.203624 1.71 1.515871 1.170495 157.463391 12.702474 0.073496 0.015785 0.207798 14141.82 5478.198 13.25449 14293.43 8653.427 40.72815 0.784792
42.44535 1.08501 455.183718 360.9468 1.521548 1.295043 62.90309 66.681726 0.037225 0.00582 0.019518 41.45042 330.758006 4179 961.98479 27.806716 1135.998015 53.67553 260.0505 420.4501 1.202002 1.71 1.513002 1.166503 158.249305 12.68002 0.073665 0.015735 0.207798 14141.82 5478.198 13.25449 14293.43 6268.496 40.72815 0.784792
42.29513 1.080718 795.240049 310.4666 1.361594 1.402751 31.53163 112.551929 0.055436 0.005837 0.019518 40.94315 330.758006 4179.38 985.277938 26.672214 1136.856383 53.44806 259.8359 420.4072 1.201144 1.71 1.512144 1.165215 158.549739 12.671436 0.073729 0.015714 0.207798 14141.82 5478.198 13.25449 14134.96 4384.353 40.72815 0.784792
41.87771 1.068792 1019.309126 277.0007 1.255252 1.471363 11.0293 143.289479 0.067484 0.005886 0.019518 38.45166 330.758006 4179.852 653.191375 25.920179 1139.120824 52.81717 259.2396 420.2758 1.198879 1.71 1.509758 1.161637 159.484572 12.647583 0.073908 0.015665 0.207798 14141.82 5478.198 13.25449 13943.99 3566.886 40.72815 0.784792
31.41567 1.070494 1183.747203 243.7819 1.149078 1.449078 0 183.584373 0.078616 0 0.019518 31.41567 330.758006 4180 502.793544 25.341321 0 0 0 0 0 0 0 0 0 0 0 0 0.207798 14141.82 5478.198 13.25449 0 0 40.72815 0.784792
27.53147 1.077576 1199.425651 238.1441 1.130657 1.430867 0 193.081639 0.080346 0 0.019518 27.53147 330.758006 4180 182.906795 25.130743 0 0 0 0 0 0 0 0 0 0 0 0 0.207798 14141.82 5478.198 13.25449 0 0 40.72815 0.784792
25.92444 1.073043 1205.302241 235.8942 1.123622 1.423698 0 197.181074 0.081052 0 0.019518 25.92444 330.758006 4180 -57.247364 25.196651 0 0 0 0 0 0 0 0 0 0 0 0 0.207798 14141.82 5478.198 13.25449 0 0 40.72815 0.784792
25.67377 1.071201 1206.30494 235.5433 1.122369 1.422695 0 197.80039 0.081161 0 0.019518 25.67377 330.758006 4180 108.494927 25.071743 0 0 0 0 0 0 0 0 0 0 0 0 0.207798 14141.82 5478.198 13.25449 0 0 40.72815 0.784792  
 
 271
 
 
Experimental data for condensing R407C in micro-fin tubes with a helix angle of 37º  
 
G=800 kg/m 2 .s
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L)Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
89.6724 1.811858 61.31038 476.5973 1.873069 1.102065 0 15.914011 0.018657 0 0.048866 89.6724 828.0906 0 0 26.17821 0 0 0 0 0 0 0 0 0 0 0 0 0.467553 24640.55 8889.086 17.00083 0 0 39.93716 0.189771
45.65703 1.789462 121.6892 418.2896 1.701468 1.390595 95.82753 18.622049 0.019384 0.004732 0.048866 43.99946 828.0906 4180 2849.256 24.72032 1062.107537 80.74204 261.8785 425.1 1.206946 1.723 1.661839 1.378785 123.4215 14.05893 0.079237 0.016778 0.467553 24640.55 8889.086 17.00083 25050.24 12017.07 39.93716 0.189771
43.67867 1.760576 392.0902 372.9183 1.558809 1.458891 68.29401 49.066746 0.036611 0.004828 0.048866 41.49149 828.0906 4180 2217.109 23.58588 1065.942443 79.24936 260.723 425.0058 1.203115 1.723942 1.654173 1.36823 124.577 14.01058 0.079603 0.016652 0.467553 24640.55 8889.086 17.00083 25050.24 10837.57 39.93716 0.189771
41.87323 1.736636 648.5387 329.8843 1.422609 1.526003 42.40975 78.217452 0.053034 0.0049 0.048866 40.10691 828.0906 4180.476 2102.891 22.51001 1068.672776 78.01844 259.8654 424.9664 1.200664 1.724 1.648991 1.358991 125.5346 13.96327 0.079904 0.016547 0.467553 24640.55 8889.086 17.00083 24737.63 8822.316 39.93716 0.189771
40.3432 1.706747 819.7085 300.8125 1.3312 1.566941 25.36726 98.111643 0.064088 0.00499 0.048866 37.84196 828.0906 4180.927 1420.619 21.78328 1072.325336 76.48733 258.6699 424.8 1.197349 1.725 1.641349 1.348024 126.7301 13.91349 0.080292 0.016414 0.467553 24640.55 8889.086 17.00083 24380.36 7604.2 39.93716 0.189771
39.38913 1.704453 1002.909 270.1991 1.233812 1.620367 6.991233 118.927878 0.075853 0.004997 0.048866 36.246 828.0906 4181.3 1495.953 21.01808 1072.554721 76.37264 258.5781 424.8 1.196891 1.725 1.640891 1.347336 126.8219 13.90891 0.080322 0.016402 0.467553 24640.55 8889.086 17.00083 24193.16 5843.063 39.93716 0.189771
30.95713 1.706266 1114.177 245.6357 1.154786 1.562406 0 142.610797 0.084992 0 0.048866 30.95713 828.0906 4181.564 569.305 20.72689 0 0 0 0 0 0 0 0 0 0 0 0 0.467553 24640.55 8889.086 17.00083 0 0 39.93716 0.189771
25.32686 1.696617 1140.32 236.9903 1.126007 1.520356 0 153.932749 0.088117 0 0.048866 25.32686 828.0906 4181.742 827.3241 20.30375 0 0 0 0 0 0 0 0 0 0 0 0 0.467553 24640.55 8889.086 17.00083 0 0 39.93716 0.189771
22.94403 1.692363 1150.271 233.416 1.11372 1.505808 0 158.886992 0.089423 0 0.048866 22.94403 828.0906 4181.903 429.6174 20.08402 0 0 0 0 0 0 0 0 0 0 0 0 0.467553 24640.55 8889.086 17.00083 0 0 39.93716 0.189771
G=700 kg/m 2 .s
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L)Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
89.53488 1.786176 60.30639 476.7543 1.874711 1.09853 0 15.893101 0.018616 0 0.043972 89.53488 745.1653 0 0 25.93834 0 0 0 0 0 0 0 0 0 0 0 0 0.449516 23889.66 8243.781 16.55994 0 0 39.39665 0.066243
45.18896 1.770166 129.5496 416.809 1.696812 1.386458 94.94431 19.590344 0.019865 0.00479 0.043972 43.48609 745.1653 4180 2635.938 24.53548 1064.983448 79.73861 261.1066 425.1 1.205017 1.723 1.657033 1.37205 124.1934 14.02033 0.079478 0.016691 0.449516 23889.66 8243.781 16.55994 24269.36 11157.11 39.39665 0.066243
43.31649 1.747608 405.7883 370.4666 1.551158 1.458519 66.9037 50.758672 0.0375 0.004867 0.043972 41.01933 745.1653 4180.003 2037.786 23.45096 1067.239248 78.57798 260.2282 425 1.201761 1.724 1.651521 1.363043 125.0957 13.98522 0.079769 0.01659 0.449516 23889.66 8243.781 16.55994 24269.36 10014.82 39.39665 0.066243
41.54014 1.726172 667.8933 326.5161 1.41234 1.528368 40.53669 80.549219 0.054283 0.004931 0.043972 39.66864 745.1653 4180.532 1932.612 22.42255 1070.382825 77.48093 259.4469 424.9 1.199617 1.724383 1.646234 1.355469 125.9531 13.94617 0.08004 0.016501 0.449516 23889.66 8243.781 16.55994 23978.79 8091.132 39.39665 0.066243
40.07145 1.69978 841.7693 296.994 1.318703 1.571745 23.19757 100.771951 0.065535 0.005011 0.043972 37.40594 745.1653 4180.961 1298.158 21.73182 1073.022015 76.13877 258.3912 424.8 1.195978 1.725022 1.639956 1.345912 127.011 13.89978 0.080383 0.016379 0.449516 23889.66 8243.781 16.55994 23646.6 6908.82 39.39665 0.066243
39.18099 1.700398 1025.877 266.275 1.221063 1.626195 4.723433 121.642654 0.077352 0.005009 0.043972 35.40323 745.1653 4181.314 1350.789 21.01315 1072.960167 76.16992 258.4159 424.8 1.19608 1.725 1.64008 1.346119 126.9841 13.9008 0.080375 0.016382 0.449516 23889.66 8243.781 16.55994 23471.82 5400.2 39.39665 0.066243
29.26585 1.703056 1121.732 243.0254 1.146329 1.549049 0 145.980528 0.085944 0 0.043972 29.26585 745.1653 4181.549 420.4908 20.78945 0 0 0 0 0 0 0 0 0 0 0 0 0.449516 23889.66 8243.781 16.55994 0 0 39.39665 0.066243
24.45915 1.694354 1144.112 235.6887 1.121409 1.514868 0 155.713197 0.088592 0 0.043972 24.45915 745.1653 4181.699 705.3402 20.41421 0 0 0 0 0 0 0 0 0 0 0 0 0.449516 23889.66 8243.781 16.55994 0 0 39.39665 0.066243
22.52169 1.691415 1152.309 232.7825 1.111608 1.50322 0 159.770101 0.089651 0 0.043972 22.52169 745.1653 4181.84 353.1697 20.22634 0 0 0 0 0 0 0 0 0 0 0 0 0.449516 23889.66 8243.781 16.55994 0 0 39.39665 0.066243
G=600 kg/m 2 .s
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L)Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
95.19622 1.761849 57.77017 483.2737 1.893641 1.089226 0 16.104959 0.018926 0 0.036184 95.19622 613.1882 0 0 25.26384 0 0 0 0 0 0 0 0 0 0 0 0 0.449502 23854.43 7287.661 17.08969 0 0 39.81999 0.254408
44.74564 1.752747 138.8322 415.0052 1.692318 1.382554 93.92749 20.729587 0.020445 0.004852 0.036184 43.01751 613.1882 4180 2470.253 23.94911 1066.725301 78.84284 260.4099 425 1.202275 1.724 1.652549 1.365099 124.8901 13.99549 0.079704 0.016614 0.449502 23854.43 7287.661 17.08969 24102.7 9803.487 39.81999 0.254408
42.81277 1.735191 450.6575 362.8426 1.527123 1.467624 62.39089 55.944183 0.040378 0.004904 0.036184 40.48875 613.1882 4180.277 1887.474 22.94463 1068.961879 77.94472 259.8076 424.9519 1.200519 1.724 1.648557 1.358557 125.5924 13.96038 0.079923 0.016541 0.449502 23854.43 7287.661 17.08969 24102.7 8679.703 39.81999 0.254408
41.09385 1.722179 740.2103 314.3918 1.37409 1.548423 33.27316 88.790106 0.058926 0.004943 0.036184 39.26155 613.1882 4180.761 1753.164 22.01172 1070.782066 77.27333 259.2872 424.9 1.199218 1.724782 1.645436 1.353872 126.1128 13.94218 0.080092 0.016481 0.449502 23854.43 7287.661 17.08969 23828.98 6784.245 39.81999 0.254408
39.80621 1.703309 912.5747 285.2483 1.281555 1.593475 16.06803 108.717039 0.070063 0.005 0.036184 36.51216 613.1882 4181.134 1054.541 21.45063 1072.669118 76.31544 258.5323 424.8 1.196662 1.725 1.640662 1.346993 126.8676 13.90662 0.080337 0.016397 0.449502 23854.43 7287.661 17.08969 23512.67 5762.921 39.81999 0.254408
32.20996 1.708484 1107.95 247.6359 1.16105 1.572684 0 140.114006 0.084289 0 0.036184 32.20996 613.1882 4181.416 1064.85 20.88408 0 0 0 0 0 0 0 0 0 0 0 0 0.449502 23854.43 7287.661 17.08969 0 0 39.81999 0.254408
25.97448 1.708491 1137.128 237.9617 1.129681 1.524656 0 152.668457 0.087773 0 0.036184 25.97448 613.1882 4181.569 83.16831 20.83984 0 0 0 0 0 0 0 0 0 0 0 0 0.449502 23854.43 7287.661 17.08969 0 0 39.81999 0.254408
22.73799 1.704688 1151.379 233.107 1.11269 1.504334 0 159.35959 0.089546 0 0.036184 22.73799 613.1882 4181.652 542.7484 20.55109 0 0 0 0 0 0 0 0 0 0 0 0 0.449502 23854.43 7287.661 17.08969 0 0 39.81999 0.254408
21.68043 1.699247 1156.268 231.5206 1.107402 1.498087 0 161.568078 0.090115 0 0.036184 21.68043 613.1882 4181.754 222.8644 20.43252 0 0 0 0 0 0 0 0 0 0 0 0 0.449502 23854.43 7287.661 17.08969 0 0 39.81999 0.254408
G=500 kg/m 2 .s
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L)Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
99.49371 1.759864 56.59845 487.9247 1.906692 1.08569 0 16.275667 0.019195 0 0.031976 99.49371 541.8782 0 0 25.32089 0 0 0 0 0 0 0 0 0 0 0 0 0.442523 23607.88 6719.029 16.81655 0 0 39.72504 0.208682
44.76271 1.75422 142.0519 414.4829 1.69066 1.384043 93.60787 21.08302 0.020652 0.004847 0.031976 43.15839 541.8782 4180 2348.403 24.05131 1066.578036 78.91942 260.4688 425 1.202422 1.724 1.652844 1.365688 124.8312 13.99844 0.079685 0.016621 0.442523 23607.88 6719.029 16.81655 23838.45 8932.052 39.72504 0.208682
42.79896 1.738562 468.9444 359.8419 1.517511 1.474034 60.52926 57.973206 0.041549 0.004894 0.031976 40.5563 541.8782 4180.21 1747.224 23.10678 1068.287566 78.11667 259.9425 424.9856 1.200856 1.724 1.649569 1.359569 125.4575 13.96713 0.079879 0.016554 0.442523 23607.88 6719.029 16.81655 23838.45 7891.359 39.72504 0.208682
41.09378 1.730392 778.2301 308.2068 1.354072 1.561864 29.39783 92.907702 0.061328 0.004919 0.031976 39.29767 541.8782 4180.67 1651.103 22.21431 1069.921666 77.69998 259.6157 424.9039 1.200039 1.724 1.647117 1.357117 125.7843 13.95078 0.079985 0.016522 0.442523 23607.88 6719.029 16.81655 23586.76 6101.687 39.72504 0.208682
39.87404 1.714199 950.794 279.1097 1.262361 1.607732 12.14278 112.770979 0.072455 0.004967 0.031976 35.88781 541.8782 4181.019 930.422 21.71143 1071.580129 76.86414 258.9679 424.842 1.19842 1.725 1.64326 1.350679 126.432 13.9284 0.080195 0.016447 0.442523 23607.88 6719.029 16.81655 23281.34 5349.312 39.72504 0.208682
29.95146 1.716361 1118.57 244.1223 1.149757 1.553973 0 144.662517 0.085574 0 0.031976 29.95146 541.8782 4181.264 883.2989 21.23405 0 0 0 0 0 0 0 0 0 0 0 0 0.442523 23607.88 6719.029 16.81655 0 0 39.72504 0.208682
24.71705 1.725603 1143.132 236.0756 1.122585 1.516157 0 155.296605 0.088481 0 0.031976 24.71705 541.8782 4181.373 -75.5843 21.2749 0 0 0 0 0 0 0 0 0 0 0 0 0.442523 23607.88 6719.029 16.81655 0 0 39.72504 0.208682
22.36637 1.721509 1153.326 232.5496 1.110832 1.501768 0 160.173635 0.089764 0 0.031976 22.36637 541.8782 4181.423 450.7469 21.0313 0 0 0 0 0 0 0 0 0 0 0 0 0.442523 23607.88 6719.029 16.81655 0 0 39.72504 0.208682
21.77226 1.713215 1155.911 231.6584 1.107861 1.498369 0 161.4107 0.090078 0 0.031976 21.77226 541.8782 4181.511 194.0208 20.92645 0 0 0 0 0 0 0 0 0 0 0 0 0.442523 23607.88 6719.029 16.81655 0 0 39.72504 0.208682
G=400 kg/m 2 .s
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L)Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
102.6487 1.750258 55.47381 491.5105 1.91628 1.083028 0 16.396105 0.019389 0 0.024743 102.6487 419.3005 0 0 26.61624 0 0 0 0 0 0 0 0 0 0 0 0 0.43673 23764.59 5860.92 14.67697 0 0 39.29586 0.114024
44.55736 1.749215 160.9443 411.287 1.680538 1.387675 91.67516 23.232586 0.021854 0.004862 0.024743 42.96823 419.3005 4179.964 1984.973 25.52889 1067.078505 78.65996 260.2764 425 1.201922 1.724 1.651843 1.363686 125.0314 13.98843 0.079749 0.016597 0.43673 23764.59 5860.92 14.67697 23946.75 7525.596 39.29586 0.114024
42.77479 1.743382 496.2688 355.3425 1.503214 1.483571 57.75734 60.987761 0.04329 0.00488 0.024743 40.58425 419.3005 4180 1384.238 24.77062 1067.661814 78.36248 260.1015 425 1.201338 1.724 1.650676 1.361353 125.2647 13.97676 0.079819 0.016574 0.43673 23764.59 5860.92 14.67697 23946.75 6628.262 39.29586 0.114024
40.89499 1.733389 832.575 299.1823 1.325381 1.578769 23.87842 98.99041 0.064804 0.00491 0.024743 38.75906 419.3005 4180 1389.573 24.00943 1069.322116 77.85286 259.7356 424.9339 1.200339 1.724 1.648017 1.358017 125.6644 13.95678 0.079946 0.016534 0.43673 23764.59 5860.92 14.67697 23755.01 5340.585 39.29586 0.114024
39.89194 1.721495 981.7582 274.1119 1.246287 1.619143 8.96651 116.079907 0.074396 0.004946 0.024743 34.87189 419.3005 4180.08 620.3174 23.66964 1070.850549 77.23772 259.2598 424.9 1.199149 1.724851 1.645299 1.353598 126.1402 13.94149 0.080101 0.016477 0.43673 23764.59 5860.92 14.67697 23482.65 5001.266 39.29586 0.114024
28.87816 1.728212 1124.105 242.4173 1.144391 1.545461 0 146.856518 0.086186 0 0.024743 28.87816 419.3005 4180.241 552.3978 23.36706 0 0 0 0 0 0 0 0 0 0 0 0 0.43673 23764.59 5860.92 14.67697 0 0 39.29586 0.114024
25.26892 1.731338 1140.655 236.9034 1.125445 1.519714 0 154.170667 0.088183 0 0.024743 25.26892 419.3005 4180.291 -183.272 23.46745 0 0 0 0 0 0 0 0 0 0 0 0 0.43673 23764.59 5860.92 14.67697 0 0 39.29586 0.114024
23.8148 1.727667 1146.843 234.7222 1.118074 1.510335 0 157.189329 0.08898 0 0.024743 23.8148 419.3005 4180.312 330.5871 23.28637 0 0 0 0 0 0 0 0 0 0 0 0 0.43673 23764.59 5860.92 14.67697 0 0 39.29586 0.114024
23.6563 1.724415 1147.543 234.4845 1.117281 1.50945 0 157.50264 0.089063 0 0.024743 23.6563 419.3005 4180.383 187.672 23.18358 0 0 0 0 0 0 0 0 0 0 0 0 0.43673 23764.59 5860.92 14.67697 0 0 39.29586 0.114024
G=300 kg/m 2 .s
T P Density enthalpy Entropy Cp Quality Viscosity TherCond Surf tens Flowref Tmeasured G Cpw Q Tw Density(L) Density(V) Enth(L) Enth(V) Entr(L) Entr(V) Cp(L) Cp(V) Visc(L) Visc(V) Thercond(L)Thercond(V) Floww hoAve hiAve LMTDave ho hiLocal Tsat ave Energy bal
114.3855 1.761019 53.24809 504.0274 1.948974 1.081881 0 16.866822 0.020183 0 0.018663 114.3855 316.2605 0 0 29.54058 0 0 0 0 0 0 0 0 0 0 0 0 0.435327 24492.66 5359.626 12.08592 0 0 39.97133 0.507244
44.86389 1.763008 161.9645 411.2798 1.680148 1.393126 91.62638 23.263065 0.02193 0.004818 0.018663 43.55953 316.2605 4179 1730.914 28.58913 1065.699239 79.37339 260.8203 425.0301 1.203602 1.723699 1.654902 1.369203 124.4797 14.01301 0.079571 0.016662 0.435327 24492.66 5359.626 12.08592 24632.49 7069.578 39.97133 0.507244
43.0268 1.757056 508.6052 353.4626 1.497187 1.491516 56.49045 62.175125 0.044052 0.004839 0.018663 41.27635 316.2605 4179 1079.021 27.99601 1066.294421 79.0669 260.5822 425 1.202706 1.724 1.653411 1.366822 124.7178 14.00411 0.079648 0.016635 0.435327 24492.66 5359.626 12.08592 24632.49 6355.259 39.97133 0.507244
41.22446 1.751016 847.2039 296.9494 1.318135 1.588217 22.23301 100.287973 0.065693 0.004857 0.018663 39.21318 316.2605 4179.147 1054.684 27.41629 1066.89837 78.75285 260.3406 425 1.202102 1.724 1.652203 1.364406 124.9593 13.99203 0.079727 0.016605 0.435327 24492.66 5359.626 12.08592 24481 5367.107 39.97133 0.507244
40.23427 1.740506 1000.211 271.307 1.236842 1.63026 6.844121 117.754799 0.075522 0.004888 0.018663 35.83624 316.2605 4179.358 478.5549 27.15326 1067.949366 78.21583 260.0152 425 1.201051 1.724 1.650101 1.360203 125.3797 13.97101 0.079854 0.016562 0.435327 24492.66 5359.626 12.08592 24279.59 5093.848 39.97133 0.507244
30.56066 1.747264 1116.173 245.041 1.152803 1.557595 0 143.567739 0.085263 0 0.018663 30.56066 316.2605 4179.482 428.8725 26.91754 0 0 0 0 0 0 0 0 0 0 0 0 0.435327 24492.66 5359.626 12.08592 0 0 39.97133 0.507244
28.08258 1.751159 1127.691 241.2239 1.14039 1.538636 0 148.537155 0.086655 0 0.018663 28.08258 316.2605 4179.562 153.0237 26.83344 0 0 0 0 0 0 0 0 0 0 0 0 0.435327 24492.66 5359.626 12.08592 0 0 39.97133 0.507244
27.14304 1.746642 1132.227 239.7289 1.134916 1.532068 0 150.40048 0.087168 0 0.018663 27.14304 316.2605 4179.565 -135.339 26.90782 0 0 0 0 0 0 0 0 0 0 0 0 0.435327 24492.66 5359.626 12.08592 0 0 39.97133 0.507244
27.1887 1.745644 1131.986 239.8019 1.135203 1.532408 0 150.305172 0.087142 0 0.018663 27.1887 316.2605 4179.572 187.0495 26.80501 0 0 0 0 0 0 0 0 0 0 0 0 0.435327 24492.66 5359.626 12.08592 0 0 39.97133 0.507244  
